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There are very few systematic studies on indoor air quality (IAQ) in homes and child care centers (CCCs) 
in the tropical climate, and how they affect preschool children’s health. The purpose of this research is to 
study the associations of asthma, allergies and respiratory symptoms among preschool children with the 
home and CCC environments in the Tropics, as well as to evaluate their exposures to pollutants and 
allergens in CCCs.  
 
In a cross-sectional study involving 104 randomly selected CCCs in Singapore, measurements were 
performed for a cohesive set of pollutants across a range of physical, chemical and biological parameters 
representing those of indoor and/or outdoor sources. It was found that the ventilation strategies adopted 
by CCCs in Singapore created differences in IAQ and thermal comfort parameters. Ventilation rates were 
significantly higher in naturally ventilated and hybrid ventilated CCCs resulting in higher dilution of 
indoor generated pollutants but also higher ingress of outdoor pollutants via higher ventilation and 
pollutant penetration efficiencies. In air-conditioned and ACMV (air-conditioned and mechanically 
ventilated) CCCs, the lower ventilation rates resulted in the increase in the concentration levels of indoor 
generated pollutants but lower ingress of outdoor pollutants. Indoor allergen levels in CCCs were 
generally low where dominant allergens (Der p 1, Blo t 5 and Fel d 1) from classroom floors, curtains and 
mattresses showed statistical correlation but no difference between their levels. CCCs temperatures, 
ventilation, cat owners and carpets were predictors for allergen levels.  
 
This study found that children attending naturally ventilated CCCs have lower prevalence of most asthma 
and allergy, and respiratory symptoms. The risk of current rhinitis among children was significantly 
higher if they attend ACMV CCCs (PR 1.48; 95% CI:1.03-2.22) compared with naturally ventilated 
CCCs. This risk remains significant after controlling for the influence of dust mite allergens. Air-
conditioned and moldy CCCs were also significantly associated with higher prevalence of respiratory but 
not asthma and allergic symptoms. The use of wooden panels and recent painting in CCCs were 
associated with increased risks of chronic cough symptoms among attending children. For the home 
environment, exposure to dampness, environmental tobacco smoke (ETS) and wall-papers were 
significantly associated with increased risks of asthma and/or allergic symptoms among preschool 
children. Further, dose-response significant relationships between traffic densities and asthma and rhinitis 
symptoms among children without any known indoor risk factors were found. Children sleeping in non- 
air conditioned homes were found to have stronger associations between asthma and rhinitis symptoms 
with traffic densities compared to those sleeping in air conditioned homes. Comparing the categories of 
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‘heavy’, and ‘medium’ with ‘low’ traffic densities exposure, the respective adjusted PRs (95% CIs) for 
wheeze were 1.13 (0.66-1.94) and 2.06 (0.97-4.38); for doctor-diagnosed asthma 1.36 (0.64-2.88) and 
2.89 (1.14-7.32); for rhinitis 1.30 (0.86-1.82) and 1.73 (1.00-2.99) and for rhinoconjunctivitis 1.58 (0.70-
3.59) and 3.39 (1.24-9.27).  
 
In conclusion, this thesis provides new information for the creation of healthy indoor environments in 




Indoor Air Quality (IAQ); Child Care Centers (CCCs); Homes; Preschool Children; Asthma and Allergies; 
Respiratory Symptoms; Exposures; Epidemiology; Cross-Sectional.  
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Indoor Air Quality (IAQ) has become a strategic issue because of its potential to impact on health and 
therefore the quality of life of the population. Among the different age groups, IAQ can affect the health 
of preschool children significantly (IOM, 2000). They are uniquely at risk from indoor environmental 
pollution hazards in a number of ways (Bates, 1995; Bearer, 1995): 
♦ They have greater exposure than adults to airborne pollutants because they generally breathe 
more rapidly and often breathe through their mouths, bypassing the filtering effect of the nose.  
♦ They are often more susceptible to the health effects of air pollution because their immune 
systems and developing organs are still immature. Irritation or inflammation caused by pollution 
is more likely to obstruct their narrower airways and may take less exposure to a pollutant to 
trigger an asthma attack or other breathing ailment due to the sensitivity of a child's developing 
respiratory system. Exposure to toxic air contaminants during childhood could also affect the 
development of the respiratory, nervous, endocrine and immune systems, and increase the risk of 
cancer later in life.  
♦ Their normal developmental behaviors, such as crawling on floors and being closer to the 
grounds increase their exposure to indoor environmental hazards. 
 
The average human spend approximately 90% of their time indoors (Leech et al., 2002; Brasche and 
Bischoff, 2005). Thus, indoor levels from indoor and outdoor pollutants and allergens have a very large 
effect on a person’s total exposure. Indeed, studies indicate that most of the population exposure to these 
environmental pollutants occurs in buildings (Lioy et al., 1988; Wallace, 1993). For preschool children, 
they spend a longer time in the home compared to adults (Brasche and Bischoff, 2005). Within the homes, 
preschool children can be exposed to a multitude of pollution sources. Indeed, large studies in the home 
environments conducted in the US and Europe has shown that physical, chemical and biological factors 
can influence children’s well being (for e.g. see Spengler et al., 1994; Bornehag et al., 2004a; 2004b). In 
addition, another important environment is the child care center (CCC), where approximately 90% of 
Singapore children are enrolled and where most of them spend at least half a day everyday on weekdays 
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(Chew et al., 1999a). Children attending CCCs can be exposed to different physical, chemical and 
biological factors that may adversely impact their health (Jaakkola, 2000).  
 
In Singapore, the number of children within the CCCs has been increasing over the years (Figure 1.1 
Sources; Yearbook of Statistics-various years). As of September 2005, there are close to 35653 full-time 
attending children (Monthly Digest of Statistics, December 2005). This increasing trend is expected to 
stay considering higher demands of living resulting in both parents working. Surprisingly, given the 
magnitude of the CCC population and the considerable amount of time children spend within them, 
information on IAQ within CCCs and health impact in Singapore is very limited. 
 
























Full time attending children
Private Organisation




1.2 ASTHMA, ALLERGIES AND RESPIRATORY INFECTIONS 
 
1.2.1 Asthma and Allergies 
In “The Iliad”, the ancient Greeks were found to be the first to use the word asthma (ασδμα), defined as 
short drawn breath, hard breath or panting. The most recent definition of asthma has been given as “… a 
chronic inflammatory disorder of the airways involving many cell types that is characterized by reversible 
airways obstruction” (IOM, 2000). The onset of asthma has been reported to be the highest in the first 
years of life (Gergen et al., 1988) with the disease occurring more frequently in boys than girls (Horwood 
et al., 1985; Gergen et al., 1988; Goh et al., 1996). Cohort studies involving follow-up of asthmatics to 
adulthood reported that about 20 percent may develop other allergic problems (IOM, 2000). Due to their 
fluctuating incidence trends (Burr, 1993), they are usually reported in terms of period or cumulative 
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prevalence. In Singapore, asthma was ranked fifth as the principal condition for health care utilization 
between 1986 and 1993 while the economic cost attributed to asthma estimated to be about US$36.57 
million per year (Chew, 1999). Indeed, the considerable amount of morbidity and associated cost justifies 
the need for research to reduce asthma morbidity. 
 
The word allergy (αλλεργία) derives from the Greek words allos meaning "other" and ergon meaning 
"work". Allergy can be defined as an inappropriate response to an innocuous foreign substance (Janeway 
and Traverse, 1994). Allergic rhinitis normally appear during mid-childhood and adolescence (Mygind et 
al., 1996), may disappear only in at most 20% of the cases (Aberg and Engstrom, 1990) while most 
reports indicate that it usually persists for many years and is less likely to remit than asthma (Rackemann 
and Edwards, 1952; Broder et al., 1974; Smith JM, 1983, Linna et al., 1992). It is the most common 
allergic symptoms (Mygind et al., 1996) with 44% of the children in Singapore reported to have 
occurrence in the past year (Goh et al., 1996). On the other hand, eczema usually begins in infancy 
(Schultz-Larsen, 1993) with most individuals having their initial onset before the age of five (Rajka, 
1989). Symptoms of eczema normally persist into adult life (Mygind et al., 1996). 
 
Pediatric asthma and associated respiratory allergy epidemiology have been studied in detail for school 
age children such as the 6-7 year old and 13-14 year old age groups (Asher et al., 1995; Goh et al., 1996). 
However the preschool age group appears to be a crucial time for the onset of asthma. Yunginger et al 
(1992) has reported increase in asthma prevalence attributed solely to the increase in disease incidence in 
childhood, which was highest in the four-and-under age group. Cohort studies performed in Australia 
(Oswald et al, 1994; Jenkins et al., 1994) and Britain (Strachan et al. 1996) reported the highest 
prevalence of symptoms was at point of recruitment when the children were 7 years old. Childhood is the 
most important period for active asthma as a large proportion of asthmatic children ceased to be 
symptomatic as young adults (Aberg and Engstrom, 1990; Martinez, 2001). 
 
1.2.2 Respiratory Infections 
Wheeze in early life is of heterogeneous causes, mostly due to respiratory infections. Lemanske and 
Green, 1998) have detailed out a list of respiratory symptoms other than asthma peculiar to preschool 
children which include among others, sinusitis, rhinitis, viral bronchiolitis. Objective tests of lung 
function and hyper-responsiveness, though available, are difficult to perform on young children due to 
poor coordination to perform the tests sufficiently. In keeping with this, derived questionnaire information 
on wheeze, cough and rhinitis needs to be understood in the context of respiratory infections among 
preschool children.  Indeed, studies have shown that children with high risk of asthma are more prone to 
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respiratory infections in the early years. Illi et al. (2001) have shown an association between high 
frequency of respiratory infection in the first two years of life and family history of atopy among a 
German birth cohort. In another study on hospitalized children with acute wheeze by 2 years of age, forty 
out of fifty children continued to wheeze at 5 years old while family history of bronchial 
hyperresponsiveness and self-atopy determines frequency and severity of attacks at 5 years old (Wilson et 
al., 1997). It has been reported that wheezy lower respiratory infections are most commonly associated 
with respiratory syncitial virus (RSV) (McIntosh et al., 1973; Stein et al., 1999), other common viral 
agents which include rhinovirus, parainfluenza virus, influenza A virus and coronavirus (Minor et al., 
1974; Roldaan and Masural, 1982; Carlsen et al., 1984; Mertsola et al., 1991). Reports indicate that 
bacterial infections do not play a role in wheezy infection (McIntosh et al., 1973; Minor et al., 1974; 
Cypcar et al., 1992). 
 
1.2.3 Worldwide Trends and Current Hypotheses 
In Singapore, there has been an increase in the prevalence of diagnosed asthma from 5% in 1967 to about 
14% in 1987 and about 20% in 1996 (Chew, 1999). This is similar to the observed trends reported 
elsewhere; particularly in developed nations despite improved treatment, new drugs and delivery systems 
and better control strategies (Burney et al., 1990; Ninan and Russell, 1992; Yunginger et al., 1992; 
Bauman, 1993; Strachan et al., 1994). Regional variations can also be observed, both within countries 
(Strachan et al., 1990; Chew et al., 1999c) and between regions (Stewart et al., 2001). The increasing 
trends and geographical variations are also similar for rhinitis and eczema symptoms (Stewart et al., 
2001). 
 
The changes observed worldwide have brought researchers to identify their cause, or causes. The short 
time interval over which this increase has occurred implies that the causes are not entirely due to genetic 
changes (Etzel, 2003; Strachan, 2000). There have been various hypotheses into why these rising trends 
occur, with among others, environmental exposures and lifestyle changes beeing mooted as possible 
causes. Currently, there is an on-going effort to identify the causative environmental and lifestyle factors 
responsible for the worldwide increase in prevalence. It has been suggested the world wide increase of 
asthma and allergy follows two main models (Sundell, 1994; Hagerhed-Engman, 2006): 1) the long-
established hypothesis of dose-response relationship between exposure of allergen and adjuvant factors 
and disease (Peat, 1996; ISAAC, 1998; D’Amato et al., 2005), and 2) the hygiene hypothesis which 
advocates that the increase in asthma and allergy is caused by a lack of, or insufficient exposure, and thus 
lead to dysfunctions in the immune systems (Strachan, 1989; Bach, 2002). 
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The hygiene hypothesis was proposed when it is first observed that the rising trends in most industrialized 
and affluent nations could be explained by the eradication of other more severe diseases (Nilsson and 
Bjorksten, 1993) as a result of better healthcare and improved hygiene (Strachan, 1989; Bach, 2002). The 
hygiene hypothesis states that a reduced exposure to allergens in early life is solely implicated in the 
growing propensity for allergy sensitization. Important elements of the hypothesis include helminth 
infection, exposure to endotoxins, exposure to pets and growing up on a farm. This hypothesis was 
supported when researchers observed that children with larger sibling numbers (Ball et al., 2000; Marshall 
et al 2002), that have attended child care centers (Marbury et al., 1997; Nafstad et al., 1999), growing up 
on farms with animals (Braun-Fahrlander, 2000), in families with an anthroposophic lifestyle (i.e. less use 
of anti-biotics and vaccinations) (Floistrup et al., 2006) were protective of allergic diseases. Furthermore, 
immunological theory supports the hygiene hypothesis. The maturation of the T-helper (TH) cell 
components completes during the age of about 5 years old (Holt, 1994) and involves the change from a 
TH cell type 2 (TH2) dominance at birth to a type-1 (TH1) dominance with age. The skew towards TH1 
downplays the pro-inflammatory products of the TH2 type such as interleukin (IL-4) while the failure to 
switch over to TH1 dominance corresponds to atopy in children (Prescott et al., 1999). Production of TH1 
is further stimulated by viral infections (especially respiratory) and gut flora and hence, suppress the 
inflammation pathway (Martinez and Holt, 1999). 
 
Nevertheless, the hygiene hypothesis could not solve most of the problems associated with the increased 
prevalence of allergic diseases. Studies supporting the hypothesis have been questioned with regards to 
the selection bias problems (Bornehag et al., 2003; Waser et al., 2005) and results contrary to the findings 
on child care center attendance and early life infections reported elsewhere (Nafstad et al., 1999; Nystad 
et al., 1999; Brims and Chauhan, 2005) as well as locally (Tan, 2002). Furthermore, Platts-Mills et al 
(2005) has persuasively argued that there are several examples that are difficult to reconcile with any 
form of the hygiene hypothesis namely; 1) African children whose families had moved to cities, including 
the informal settlements in Cape Town, reported increase in infections, wheezing and diagnosed asthma; 
2) despite cat exposures being able to induce a form of tolerance that includes circulating cells that 
produce high levels of the cytokine IL-10, it has no bearing on the IgE antibody response to dust-mites. 
This means that for a condition in which regulatory T cells can control an allergic response, a nonspecific 
effect is generally not seen; and 3) studies performed in the inner cities in US showed that children living 
in dilapidated conditions have high prevalence of allergy and a very high prevalence of asthma.  
 
Hippocrates (460-360 BC) had an aetiological proposal for asthma; “sometimes a foreign body enters 
into/ the trachea/ …and occupies the pathways impeding both the inhalation and exhalation and producing 
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tachypnoea (Marketos and Ballas, 1982). The dose-response hypothesis advocates that the exposure to 
allergens and/or adjuvant factors have increased in the environments. While the increase of asthma and 
allergy are not explained by the occurrence of larger amounts of dust mite allergens or increased presence 
of domestic pets allergens (Sporik et al., 1990; Sundell, 1994; Zhang et al., 1997; Stevens et al., 2003; 
Antens et al., 2006), today, humans are more sensitive to compounds that have been a natural part of their 
daily lives for thousands of years. Sundell and Kjellman (1994) have hypothesized that these relations are 
linked to alterations in the indoor environment. The increase in adjuvant factors, like the indoor air 
exposure of both indoor and outdoor pollutants could play a more significant part in the aetiology of 
asthma and allergies. Several proposals have suggested poor indoor air quality (IAQ) in the children’s 
indoor environment which includes type of ventilation system, presence of allergens, building materials, 
ETS, traffic pollution due to proximity of busy roads with buildings and infectious agents (Jones, 1998; 
IOM, 1993; 2000; 2004).  
 
1.3 INDOOR AIR: EXPOSURES AND RISK FACTORS 
 
1.3.1 Dampness 
State of the art reviews of scientific literature has concluded that one of the strongest and most consistent 
risk factor indoors for health problems which include sick building syndrome (SBS), asthma and allergies 
and respiratory illnesses is moisture problems in buildings known broadly as ‘dampness’ (Bornehag et al., 
2001; 2004b; IOM, 2004). Although, the definition for dampness in the literature is very wide and large 
prevalences were observed throughout the world, the odds ratios for respiratory symptoms related with 
asthma among adults and children in buildings with dampness are in the range of 1.4-2.2 (Bornehag et al., 
2001; 2004b). These studies were conducted in countries straddling the temperate, cold, arctic and sub-
tropical climates (not inclusive of the tropics). Due to this, a number of chemical and biological agents 
have been suspected to be the causal agents in the relationship between atopic disease and dampness in 
buildings. These include microbes and their metabolites (Nevalainen and Seuri, 2005), chemical 
emissions from surface materials that were damaged by moisture (Norback et al., 2000; Bornehag et al., 
2005b), viruses (Hersoug, 2005) and house dust mites (Wickman et al., 1991; Richardson et al., 2005). 
However, the biological mechanisms and causative agents are still largely unknown at present. 
 
1.3.2 Chemicals 
1.3.2.1 Environmental Tobacco Smoke (ETS)  
Passive smokers among preschool children are exposed to both side-stream and main-stream tobacco 
smoke which contain many potent respiratory irritants, agents of inflammation and respiratory toxins. A 
considerable amount of studies have evaluated the effects of ETS on asthma among children older than 6 
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years of age or in their infancies (IOM, 2000; Strachan and Cook, 1997; 1998a). There is strong evidence 
for a causal role of ETS in the development of asthma in children and parental smoking is related to more 
severe prognosis of asthma at least until school-age (IOM, 2000). Dose-response relationships between 
asthma symptom prevalence and parental smoking were reported in the meta-analyses (Strachan and 
Cook, 1998a). Among preschool children, a detailed review of literature (see 5.2.7) showed that ETS 
exposure is associated with asthma and wheeze symptoms in some but not all studies. In a local 
epidemiological study among preschool children in Singapore (Tan, 2002), reported lesser burden of 
respiratory symptoms and morbidity in children whose fathers smoke and a positive although non-
significant association for mothers who smoke (PR: 1.20; 95% CI: 0.67-2.14). It is also observed that 
while most of the works relating ETS exposures had focused on asthma and wheeze in children, there 
have been very few studies performed on the associations with rhinitis and eczema symptoms. Literature 
reviews of these studies showed conflicting results with no associations in some (Raherison et al. 2006), 
and both significant increased (Biagini et al. 2006) or reduced risk of symptoms in others (Volkmer et al., 
1995; Magnusson et al., 2005; Kurosaka et al., 2006). A systematic review by Strachan and Cook (1998b) 
showed that the effects of ETS exposure on IgE levels, skin prick positivity, and allergic rhinitis or 
eczema in children found studies that confirm as well as studies that fail to show a significant effect 
resulting in a balance of evidence. 
 
1.3.2.2 Building Materials and Finishes Emissions 
A growing body of research from Europe and Australia suggests that chemical emissions from common 
building materials and finishes have a variety of adverse effects on respiratory and immune health 
(Jaakkola et al., 1999; 2000; Oie et al., 1999; Bornehag et al., 2004a). The identified risk factors include 
specific organic compounds such as formaldehyde (Garrett et al., 1999) and phthalate esters (Bornehag et 
al., 2004a), building materials and finishes such as carpet (Jaakkola et al., 2004), PVC flooring (Oie et al., 
1999; Jaakkola et al., 1999; 2000; 2004), painting (Jaakkola et al., 2004; Emenius et al. 2004a) wall paper 
(Jaakkola et al., 1999; 2000) and activities related to these materials (Jaakkola et al., 2004; Emenius et al. 
2004a). For formaldehyde, associations were reported with increases in asthmatic symptoms and atopy 
(Garrett et al., 1999). PVC associated materials such as vinyl floors and wall papers were associated with 
increases in current asthma, asthma symptoms, wheezing, bronchial obstruction, allergy and persistent 
allergic symptoms (Jaakkola et al., 1999; 2000; Oie et al., 1999). Recent painting was associated with 
increases in current asthma, asthma symptoms, recurrent wheezing and allergy (Jaakkola et al., 2004; 
Emenius et al. 2004a). Currently, it is unclear through what mechanisms inhalation of the emissions of 
these sources increases asthma or allergies. Studies on murine models suggest that inflammation or 
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increased sensitization without inflammation could be possible pathways (Riedel et al., 1996; Larsen et al., 
2002; 2003). 
 
1.3.2.3 Outdoor Traffic Emissions 
Traffic pollution constitutes a significant source of outdoor pollution in Singapore and many other 
countries (Chin, 1996; Sharpe, 1999; Schwartz, 2004). Outside Singapore, epidemiological research on 
asthma and allergies prevalence among children associated with traffic exposure has been shown in most 
(Lee et al., 2003; Nicolai et al., 2003; Zmirou et al., 2004; Gauderman et al., 2005; McConnell et al., 
2006a) but not all surveys (Wjst et al., 1993; Aberg et al., 1996; English et al., 1999; Wyler et al., 2000). 
For different studies, investigations to link asthma and allergies with traffic exposures have been 
demonstrated using different traffic indicators which include self-reported traffic-density (Duhme et al., 
1996), proximity to roads (McConnell et al., 2006a), traffic intensities (Brauer et al., 2002) and 
measurements of pollutants putative to be surrogate exposures of traffic pollution (Brunekreef et al., 
1997). To understand the impact of outdoor traffic pollution on children’s health requires recognition that 
they spend most of their time indoors. Thus, indoor pollution levels of outdoor traffic origin have a very 
large effect on a child’s total exposure. Indeed, most studies have relied exposure measurements 
conducted using outdoor sampling points that serve as surrogate exposure of the children (Kramer et al., 
2000; Brauer et al., 2002; Janssen et al., 2003; Gauderman et al., 2005). These ambient levels and the 
corresponding personal exposures could be influenced by home ventilation. It has been reported that 
homes with air conditioning (AC) can have low ventilation rates due to the fact that outdoor air is not 
deliberately introduced and that the ventilation rates due to leakage is typically quite small (Wallace, 1996; 
Riley et al., 2002; Weschler, 2006). 
 
1.3.3 Home or CCC Indoor Risk Factors? 
Associations have been reported between some important indoor exposures in homes and asthma and 
allergic symptoms among preschool children in other countries outside the tropical belt. After homes, 
preschool children spend most of their time in CCCs. However, little research is available on the effects 
of indoor exposures in CCC on health. In a typical day, preschool children in Singapore would attend 
CCCs from the morning around 8 am to 5pm in the evening (an approximate total of 9 hours). They 
would then return and spend about 12 hours in home. With the exception of ETS, the indoor risk factors 
described in sections 1.3.1 to 1.3.2 could be present in either homes or CCCs or both. Preschool children 
who attend CCCs could thus be possibly exposed to these risk factors from their two main 
microenvironments. However, it is worth highlighting that specific motivations, operations, building 
designs and aspects of home and CCC environments are different and effect measures linking these 
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potential harmful exposures could vary substantially.  It was found that there is very little research being 
performed to evaluate the associations of CCC characteristics and asthma, allergies and respiratory 
symptoms.   
 
It has been documented that children attendance in CCCs is associated with increased prevalence and 
severity of certain upper and lower respiratory infections in most studies (Wald et al., 1988, 1991; 
Anderson et al., 1988; Schwartz et al., 1994; Collet et al., 1994; Louhiala et al., 1995; Marbury et al., 
1996; Churchill & Pickering, 1997). Such infections have been suggested to predispose children to 
obstructive airway diseases and reduced lung function associated with asthma symptoms at a later stage 
of their lives (Morgan & Martinez, 1992). Nafstad et al (2000) reported that early respiratory infections 
increased the risk of developing bronchial obstruction during the first 2 years of life and of having asthma 
at 4 years of age. Celedon et al., (1999; 2002) reported that child care attendance was associated with an 
increased wheezing and CCC attendees increased the rate ratio of children diagnosed with sinus trouble 
and recurrent wheezing (Celedon et al; 1999). Marbury et al. (1997) reported an increased risk of 
recurrent wheeze with child care attendance in the US. Here in Singapore, child care attendance was 
associated with wheeze at night, wheeze on waking, longer time since first ever asthma and higher mean 
coughs at night (Connett et al., 1994). Hagerhad-Engman et al (2006) reported more asthma and allergic 
symptoms and airway infections among children cared in CCCs compared to children cared at home. 
Indeed, the literature pertaining CCC attendance and respiratory infections, asthma and allergies is 
generally coherent. There is increasing evidence that exposure to some physical, chemical and biological 
indoor pollutants and allergens in CCCs may cause various health problems among attending preschool 
children (Jaakkola, 2000; Koskinen et al., 1995) and that ventilation in CCCs play an important role in 
these exposures (Jaakkola, 2000). Indeed, children’s simultaneous exposures to risk factors at home and 
CCCs have not been studied concurrently. 
 
1.3.4 Indoor Air Quality in CCCs 
Despite its importance, very little studies have been performed to evaluate IAQ in CCCs. Information 
about indoor air quality (IAQ) in child care centers (CCCs) has only been reported from the Nordic 
countries and North America (Lundqvist et al., 1982; Bakke & Levy, 1990; Pejtersen et al., 1991; 
Daneault et al., 1992; Ruotsalainen et al. 1993). The available but limited measurements of ventilation 
rates and CO2 concentrations in CCCs suggest that, based upon current ASHRAE ventilation standard, 
many centers are not adequately ventilated. Indeed, inadequate ventilation rates and high concentrations 
of CO2, chemical and biological pollutants have been found in CCCs studies performed in Denmark 
(Lundqvist et al., 1982; Olsen & Dossing, 1982), Norway (THF, 1987; Bakke & Levy, 1990), Sweden 
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(Berglund et al., 1982; Sverdrup et al., 1990), Finland (Nevalainen et al., 1987) and Canada (Dionne and 
Soto, 1990; Daneault et al., 1992). The pollutants most commonly measured in CCCs studies were 
chemical pollutants which include TVOC, HCHO (Olsen & Dossing, 1982; Ruotsaleinen et al. 1993; 
Cavallo et al., 1993; Koskinen et al., 1995) and biological contaminants which include airborne fungi and 
bacteria (Daneault et al., 1992; Koskinen et al., 1995; Li et al., 1997a). Reports on indoor air pollutants in 
CCCs with dampness (mold), outdoor traffic (PM, NO2), complaints regarding emissions (HCHO) and 
combustion products (CO) have been restricted to specific case studies (Jaakkola, 2000). Skaret and 
Nordvick (1998) and Ruotsalainen et al., (1993) reported wide range of indoor temperature and humidity 
values in CCCs suggesting that thermal comfort levels may be a concern.  
 
1.3.5 Indoor Allergens in CCCs 
Indoor allergens exposure has been associated with an increased risk of development of allergic 
sensitization and asthma symptoms among susceptible children (IOM, 1993; Platts-Mills et al., 1997; 
IOM 2000). Assessments of exposure to CCC indoor allergens play an important role in epidemiologic 
studies. Information for such studies seeks to characterize risks and/or develop proper intervention 
strategies in childhood asthma and allergies. Mite allergen concentrations (Der p 1) in CCCs from 
different countries reported in the literature vary from low (Munir et al. 1995; de Andrade et al., 1995; 
Zhang et al., 1997; Arbes et al., 2005) to high (Fernandez-Caldas et al., 2001; Engelhart et al. 2002; Rullo 
et al., 2002). For cats and dog allergens, the literature is consistent with the fact that presence of Fel d 1 
and Can f 1 allergens are very prevalent in CCCs (Munir et al. 1995; de Andrade et al., 1995; Zhang et al., 
1997; Arbes et al., 2005) and that the levels in the CCCs is attributed to the presence of cats and dog 
owners. The cockroach allergen most often measured in CCCs is Bla g 1 (Zhang et al., 1997; Rullo et al., 
2002; Arbes et al., 2005) while studies in CCC reporting allergen levels from mouse urine protein and 
fungal allergens are very sparse (Arbes et al. 2005). In most studies documenting indoor allergens in 
CCCs, allergen measurements from dust collected from the classroom floors are used as a surrogate for 
exposures (Munir et al., 1995; Li et al., 1997a; Wickman et al., 1999; Fernandez-Caldas et al., 2001; 
Arbes et al., 2005). Very few studies reported CCC characteristics that are associated with high allergen 
concentrations (Arbes et al., 2005) and allergens distributions in different niches (de Andrade et al., 1995). 
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1.4 KNOWLEDGE GAP IDENTIFICATION  
 
1.4.1 Home Indoor Exposures as Risk Factors 
A detailed summary of the literature (Chapter 6) documenting associations of asthma and allergies with 
home characteristics generated by several studies in the US, Scandinavia, Europe, Russia, Australia, Hong 
Kong and Taiwan showed that when compared to older children, relatively fewer studies have been 
performed in preschool children. Also, more focus has been placed on asthma with fewer studies with 
inconsistent results have been conducted on allergic associations with exposures. It was identified that 
only associations with dampness and wall paper were more consistent in the preschool children for 
asthma and wheeze. For rhinitis and eczema, studies among preschool children were too sparse to draw 
any conclusion.  
 
Now, the development of immunological systems in preschool children is different from older children as 
evidenced from empirical studies. Tan (2002) has summarized findings on manifestation of allergic 
symptoms to be observed in the first years of life. Early life wheeze is of heterogeneous origins and 
predominantly due to respiratory infections (Middleton, 1998). Still, persistent wheezers can be 
recognized as asthmatics often by preschool age (Martinez et al., 1995; Brooke et al., 1995). Eczema can 
be well described clinically as young as 6 months old (Kay et al., 1994; Wadonda-Kabondo et al., 2003). 
Although allergic rhinitis incidence was thought to peak in older children, it can manifest during 
preschool years (Peroni et al., 2003). This leads to the observation of the ‘atopic march’ where the 
sequential development of allergic disease manifestations during early childhood is observed and the 
possible predictive value of an allergy symptom on the risk of developing another allergy with time (Tan, 
2002; Spergel and Paller, 2003).   
 
The appropriateness of extrapolating other findings to Singapore has not been evaluated. No studies have 
been performed in Singapore that relates systematically, different home indoor exposures to asthma and 
allergic symptoms among preschool children. Home and CCC building materials and construction 
finishes are different from those used in cold countries; use of synthetic construction materials is not as 
common in Singapore where the prevalent building structures used are mainly concrete materials. Wall to 
wall carpeting is uncommon in Singapore buildings (Zuraimi et al., 2006), which may have implications 
to exposures to mite allergens frequently found in carpeting. Renovations of homes in Singapore can be 
quite frequent. Operations and maintenance of CCCs are very different from commercial and institutional 
buildings from the viewpoint of ventilation strategies, activity levels of children (proximity to floor dusts) 
and other materials processes. The tropical climate typified by warm temperatures, high humidity and rain 
fall throughout the year, abundance of outdoor spores and pollen, provide ease for indoor mold growth on 
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building material surfaces. Also, in Singapore, public smoking (e.g. offices and open areas) is prohibited 
due to legislative ruling, which could have implications on smoking in the homes in private. Most studies 
associating ETS exposures with morbidity endpoints have not clearly differentiated whether the exposures 
occur in the homes or outdoors. The above factors together with other modifying features such as 
socioeconomic conditions, ethnicity, demography, pollution characteristics, make a case for the need to 
evaluate associations of exposures to home characteristics with asthma and allergies in Singapore.  
 
1.4.2 Traffic Exposure Indoors and Air Conditioning (AC) 
In Singapore, high-density and high-rise residential strategy is integrated within a well-developed 
transportation system characterized by interweaving roads and highways to facilitate fast and swift 
movement of public and other utilities. However, data linking traffic exposures to asthma and allergies 
among preschool children in Singapore is lacking in the literature. Most research works linking traffic 
exposures and asthma and allergies among children have been conducted in the US, Europe and Taiwan 
where homes are predominantly at ground level with areas having differing road characteristics, 
landscape and differences in prevalence of diesel vehicles and car fleet age. In addition, there is no 
epidemiologic information relating effect modification of AC on traffic exposure associations with 
asthma and allergies. Since most of the time the children spend will be indoors and that AC is linked with 
reduced ventilation rates, does AC help to reduce the indoor exposures of outdoor traffic pollutants and 
thus their health effects? 
 
1.4.3 CCC Indoor Risk Factors 
From the literature review, it was found that only six studies were conducted to evaluate the associations 
of CCC characteristics and asthma, allergies and respiratory symptoms among attending students or 
teachers (Ruotsalainen et al., 1995; Li et al., 1997b; Rylander, 1997; Koskinen et al., 1995; 1997; Nafstad 
et al., 2005). Among these, only three dealt with preschool children (Koskinen et al., 1995; 1997; Nafstad 
et al., 2005). The most commonly studied CCC characteristic was presence of dampness and mould with 
inconsistent evidence found: Koskinen et al. (1995; 1997) reported associations of some endpoints with 
presence of molds in CCCs while Nafstad et al (2005) did not find any association with asthma, allergies 
and respiratory infections.  
 
Inference based on findings from reviewed studies in dwellings and offices (Chapter 4) suggest that 
dampness, ventilation types, building materials, cleaning and maintenance and outdoor pollution sources 
related to the CCC environments could be associated with asthma, allergies and respiratory symptoms 
among attending children. This has not been investigated systematically especially in the tropics. Would 
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associations of symptoms related to office and home environments be observed  in the CCCs? Also, while 
the literature pertaining CCC attendance and adverse respiratory effects is generally coherent showing 
increased risks of asthma, allergies and respiratory health, current literature has not revealed what 
characteristics of the CCC play an important role in the associations of adverse health among attending 
children. Information deriving from this will be very useful for CCC operators by implementing measures 
to avoid characteristic/s that is/are associated with respiratory symptoms. 
 
1.4.4 IAQ and Ventilation Determinants in CCC 
Information about indoor air quality (IAQ) in child care centers (CCCs) has been reported from studies 
conducted in the cold Nordic climate or Canada during winter. The situation may be different in tropical 
countries like Singapore - high outdoor air temperature and humidity prevails throughout the year. This 
may be due to the differences in climate (seasonal variations), practices for energy conservation, 
operations and maintenance of CCCs. Thus, the findings reported may not be applicable to CCCs in 
Singapore. Furthermore, the guideline on indoor air quality of CCCs in Singapore is inadequate (MOH, 
1998) and it is difficult to evaluate whether pollutant levels in CCCs are acceptable or otherwise. A 
comprehensive investigation of pollutants exposure in CCC across representative and typical CCCs in 
Singapore is needed. One important difference is the way ventilation strategies are adopted in Singapore 
CCCs. In Singapore, the different ventilation strategies of CCCs can be conventionally classified as 1) 
naturally ventilated (NV), 2) air-conditioned and mechanically ventilated (ACMV) and 3) hybrid (natural 
+ air-conditioning) ventilated (HB) and 4) air-conditioned but without ventilation (AC). There is no data 
on the effects of ventilation strategies in CCCs on ventilation rates and pollutant levels in the literature.  
 
1.4.5 Indoor Allergens in CCCs 
Very few studies evaluated allergen loadings in different niches within CCCs. Although allergen 
concentrations on floors have been well documented, allergens may also be present in other niches. This 
is especially so in CCC environments where child activities can disturb settled dusts on the floor to other 
areas which subsequently become niches. There are no studies which evaluate allergen levels in different 
CCC niches in the tropics. Are the levels of allergens in these niches high enough such that they pose risk 
to sensitization and exacerbations of symptoms among attending children? While specific levels of indoor 
allergens have been found to be associated with various home characteristics, complementary CCC 
characteristics have not been extensively studied. The available but limited studies on associations of 
CCC characteristics with indoor allergens have been focused on cats and dogs allergens and their relation 
with pet ownerships, their presence and ventilation (Munir et al., 1995; de Andrade et al., 1995; Wickman 
et al., 1999; Arbes et al., 2005). Thus far, only one study in the US (Arbes et al., 2005) has evaluated 
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associations of CCC characteristics with other indoor allergens. Unfortunately, the study by Arbes et al 
(2005) has been hampered by a lack of concomitant ventilation, temperature and humidity assessments 
which could be the main determinants of allergen levels, in particular dust mites.  Whereas mechanical 
ventilation and/or increased building ventilation have been advocated in the Nordic climates to reduce 
dust mite proliferation via reduction of indoor humidity, the approach is not appropriate for tropical 
settings which are humid. There has been no report documenting how ventilation can affect indoor 
allergen levels in CCCs in tropical environments. 
 
There are very few systematic studies of IAQ of Singapore homes that affect the children’s health and 
even fewer in CCCs. The purpose of this research is to advance our knowledge on the associations of 
asthma, allergies and respiratory symptoms among preschool children with home and CCC environments 
in the Tropics as well as to evaluate exposures to pollutants and allergens in Tropical CCCs. This thesis 
provides as a pioneer study for a bigger research which will present a comprehensive evaluation of the 





In this thesis, the following specific objectives were investigated: 
 
1. To determine the indoor air quality (IAQ) of representative CCCs in Singapore and evaluate the 
impact of ventilation strategies on indoor air quality in CCCs (Chapter 2).  
2. To describe the distribution of allergen levels in different niches within representative CCCs in 
Singapore, estimate the number and percentage of CCCs with allergen levels above established 
health thresholds and determine the associations of allergen levels with CCC characteristics and 
indoor air quality (Chapter 3). 
3. To investigate whether asthma, allergic and respiratory symptoms among CCC attending children 
are associated with different CCC characteristics. CCC characteristics evaluated are ventilation 
strategies, dampness, building materials, cleaning and maintenance and outdoor sources of 
pollution (Chapter 4). 
4. To examine the relationship between home indoor characteristics with asthma and allergic 
symptoms among preschool children in Singapore (Chapter 5). 
5. To evaluate the associations of self reported traffic densities and height of residence with asthma 
and allergies among preschool children and determine if home air conditioning is an effect 
modifier for the associations studied (Chapter 6).   
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These objectives and their associated hypotheses are elaborated in the identified chapters.  
 
1.6 GENERAL RESEARCH METHODOLOGY 
 
1.6.1 Overview of Sampling Design 
The nature of this thesis pertains to indoor exposure analyses and environmental epidemiology related to 
IAQ. The scope of work in this thesis includes objective measurements, questionnaire surveys and 
epidemiological analyses. The sampling populations for this study are the CCCs in Singapore and all 
attending CCC preschool children in Singapore. Two main environments relating to the preschool 
children attending CCCs were studied: 1) home and 2) CCCs.  
 
The sampling design of the thesis is shown in Figure 1.2. The study was conducted in five steps 
corresponding to the five different objectives and their respective chapters (2 to 6). Steps 1 to 3 deal with 
the CCC microenvironment while steps 4 and 5 concern that of the home. 
 
The national database of 647 CCCs as at 2004 were obtained from the Ministry of Community 
Development, Youth and Sports (MCYS) where 120 CCCs were randomly selected for the study. 104 
CCCs participated in the exposure measurements associated with objectives 1 and 2 of the thesis. 97 out 
of the 104 CCCs participated in the questionnaire survey on top of the exposure measurements. From this 
group, there were 6794 children in total. Parents or guardians of 4759 children completed the 
questionnaires (70% response rates) for the epidemiological analyses. Of these, 4629 children attend 
CCCs on a full time basis while parents of 3071 children reported no home indoor risk factors associated 
with asthma and allergies. For objective 3, the 4629 children attending the 97 CCCs on a full-time basis 
made up the samples for the study. For objective 4, all the 4759 children were included in the study. For 
objective 5, the 3071 children who reported no home indoor risk factors associated with asthma and 
allergies determined in objective 4 were included in the study. 
 
The details of the methods such as instrumentations, questionnaire forms used and statistical analyses are 
given in the respective chapters.
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1.6.2 Conceptual Framework Models 
1.6.2.1 Linking Indoor Air Quality, Exposure, Ventilation and Health. 
A conceptual framework model for linking building IAQ, ventilation, exposure and health with the 
intermediary factors for the purpose of identifying the possible mechanisms in the home and CCC indoor 
environments and health pathways is presented in Figure 1.3.   
 
There are different types of sources of pollutants and allergens in the indoor environments of homes and 
CCCs which include those originating from the indoors as well as outdoors. Surrogate indicators for 
specific pollutants or allergens could be the presence of carpets, pets, cleaning agents, combustion 
appliances, dampness, ventilation systems, ETS, wall papers, vinyl floorings and road traffic. The 
dispersion and eventual fate of the pollutants and allergens depends on various factors including their 
physical and chemical properties and most importantly, the ventilation strategies adopted in the homes or 
CCCs. For example, dilution of pollutants or aeroallergens of indoor origin is enhanced in a naturally 
ventilated setting due to the high ventilation rate but could also result in greater ingress of outdoor 
pollutants or aeroallergens. In poorly ventilated environments such as those found in air-conditioned 
settings, the ingress of outdoor pollutants or aeroallergens will be less while at the same time the dilution 
of indoor sources of pollutants or aeroallergens will be reduced. The creation of optimum climate for the 
proliferation of dust mites can be dependent on the type of ventilation strategy considering that air-
conditioned environments have lower temperature which may be favorable for some thermo-sensitive 
mites.  
 
The exposure pathway for these pollutants and aeroallergens could be inhalation as well as dermal contact. 
Via the exposure pathway, pollutants or allergens that enter the body will differ in the amounts (dose) 
which target the specific body receptors. For allergens, receptors could be the immune system while 
gaseous irritants could be the respiratory linings in the airways. The dose depends on intensity (e.g. 
source strengths, building volume), duration and frequency of exposure. For the preschool children, it is 
expected that the duration of exposures in the CCCs and homes to be from 8am to 5pm and 6pm to 6am 
respectively. The frequencies of exposure in the CCCs and homes are expected to be 5 and 7 days a week 
respectively. Source strengths in these two microenvironments may differ while building volume is larger 
in the CCC as compared to the homes. 
 
The final effects of exposures to pollutants and allergens will be the health effects manifested by the 
triggering of symptoms or importantly incidence of disease. In Sir Bradford Hill’s classical guidelines for 
determining disease causation, one criterion is the ‘biological gradient’, i.e. the dose-response relationship 
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(Hill, 1965). It is expected that when exposure and dose increase, the adverse effect will become more 
pronounced. To evaluate the independent effects of exposure on a disease, control for other factors is 
needed (confounders). This is discussed in the following section.  
 
















1.6.2.2 Linking Exposure, Health and Confounders 
The conceptual model linking asthma, allergies and respiratory symptoms and risk factors is 
multidimensional. It depends on the complex interaction between personal, socio-economic status (SES), 
genetic factors, exposures to allergens, non-specific adjuvant factors and infectious agents, and the route 
of exposures. The model by Marbury et al (1996) is adopted with some modifications and additions. This 
model is based on the current understanding of the relations between the health endpoints and the 
hypothesis concerning how various indoor risk factors may serve to increase or decrease the risk of 
symptoms among preschool children. The etiology of asthma and respiratory symptoms is expected to be 
different apart from the fact that respiratory infections can cause asthmatic symptoms via inflammatory 
response (Martinez et al., 1995; Lemanske, 2004) and also asthma predisposes a child to develop more 
respiratory symptoms (Lemanske, 2004; Millqvist & Bende, 2006). In addition, asthma in early life is of 
heterogeneous causes (Middleton et al., 1998), mostly due to respiratory infections and there are 
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Vis-à-vis the relations between symptoms and different variables identified from literature, the conceptual 
model (Figure 1.4) identified that the main factor associated with respiratory symptoms is infections due 
to the exposures to infectious agents. The extent of this exposure is primarily dependent on crowding 
factors in the homes or CCCs, number of siblings (Louhiala et al., 1995) and avoidance behavior of 
parents in putting their children in environments suspected to increase the risk of their child to acquire 
infections (e.g. air-conditioned rooms).  
 
Other covariates that modify the extent to which infectious agents exposure can result in respiratory 
symptoms may include: 1) reduced airway defense mechanism; 2) enhance body resistance or 3) other 
factors that influence lung structure. Relating to reduced defense mechanism, these effects are postulated 
to be the pathway by which formaldehyde, nitrogen dioxide and ETS have their effect via mechanical 
injury to the airways (Samet & Utell, 1990; Strachan & Cook, 1997; IOM, 2000). For enhanced body 
resistance, an important determinant is breastfeeding where it provides anti-inflammatory and anti-
infective factors (Saarinen et al., 1995; IOM, 1993). Other factors that influence lung structures include 
gender, age, preterm births, ventilator assisted procedures, intubations, and race. Generally boys tend to 
present narrower airways than girls (Wiesch & Samet, 1998; Goh et al., 1996) making them more 
susceptible to respiratory infections (Glezen and Denny, 1973), and poorer lung function (Taussig, 1977). 
Tan (2002) has shown that Singaporean preschool boys have a higher risk of having respiratory infection 
than girls. For age, Tan (2002) showed that the age of onset of lower respiratory tract infections peaked in 
the second and third year of life. Along ethnic lines, smaller airways are inherently found in Malay and 
Indian as compared to Chinese children (Connett et al., 1994) in Singapore. Preterm births, pulmonary 
injury sustained during intubation and mechanical ventilation can also be important (Lamarre et al., 1973; 
Olivetti et al., 1996).  
 
For asthma and allergies, it relates on the complex interaction between several factors which include 1) 
genetic predisposition, 2) factors that influence lung structure, 3) socio-economic status (SES) factors 4) 
food allergy, 5) respiratory infections and 6) exposures to allergens and adjuvants. Relating to genetic 
predisposition, asthma and allergies are reported to cluster in families with asthmatics. The prevalence of 
atopy among the first degree family members significantly higher (Sibbald et al., 1980) while a family 
history of atopic diseases an important risk factor in the development or prevelance of asthma and atopy 
(Peat et al., 1987; Goh et al., 1996). Also, the prevalence of asthma and atopy among siblings of atopic 
children increases with the number of parents with atopy (Kjellman, 1977). The factors that influence the 
lung structure  as covariates relating asthma and allergies are almost similar for respiratory infections. The 
smaller airways in boys account for the higher incidence and prevalence of asthma (Wiesch and Samet, 
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1998; Tan, 2002) while prevalence of wheeze in Singapore preschool children has been shown to be 
inversely correlated to age with the prevalence highest in the 4 year olds (Tan, 2002). As for the influence 
of race, the difference in genetic makeup and airway structures between various races would have 
contributed to the observed varying susceptibilities to asthma (Connet et al., 1994; Goh et al., 1996). 
Preterm births also increase the risk of developing symptoms analogous to asthma (Lamarre et al., 1973). 
For SES, the impact of socio-economic status is important as studies have shown that atopy (indicated by 
skin prick tests positivity) was more common in children whose parents were better educated (Forastiere 
et al., 1997) and living in affluent residential areas (von Mutius et al., 1994) and that asthma and allergy 
prevalence were higher among children of parents with higher income (Goh et al., 1996). While 
enhancing the defense mechanisms of the child via breastfeeding, breast milk is also the route of 
transmission of maternal antigens such as IgE and other sensitized lymphocytes (Weiss, 1997). Children 
with food allergy have been documented to be prone to the development of allergy against inhalant 
allergens and both asthma and allergic rhinoconjunctivitis, especially in cases of IgE-mediated food 
allergy (Clein, 1958; Høst & Halken, 1990; Høst et al., 1992). For respiratory infections, viral infection 
was postulated to stimulate airway inflammation in the development of asthma (Busse et al., 1992) or 
elicit airway hyperresponsiveness similar to inhaled allergens (Lemanske et al., 1989). 
 
Relating to exposures to allergens and adjuvants, exposures to allergens (from dust mites, cockroach, cats, 
dogs, fungi) would cause the initial sensitization and subsequent manifestations of symptoms (IOM, 2000; 
Halken, 2004), modified by exposures to infections and other adjuvants. These adjuvants could be inhaled 
biological and chemical pollutants: Literature from other countries has documented that exposures to ETS 
(Lindfors et al., 1995; Strachan & Cook, 1998a; 1998b), traffic pollutants (McConnell et al., 2006a), 
dampness and molds (Bornehag et al., 2001), formaldehyde (Garrett et al., 1999), building materials and 
carpets (Jaakkola et al., 2004) are associated with asthma and allergies. Evidence has also recently shown 
that PVC floorings and wall papers may produce chemical pollutants associated with asthma and allergies 
(Jaakkola et al., 2004; Bornehag et al., 2004a). Exposures to these factors can be evaluated via their 
specific concentration levels or using surrogate indicators for their presence. To determine the 
independent effects of an exposure, the influence of other co-occurring exposures in the homes and CCCs 
have to be controlled. These exposures and their independent health effects are evaluated in this thesis for 
the preschool children population in Singapore. 
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1.7 THESIS OUTLINE & RESEARCH PROGRAM 
 
1.7.1 Outline 
This chapter describes the general background, key literature, rationale, objectives and scope of the thesis. 
 
Chapter 2 describes a comprehensive study on the IAQ of representative CCCs in Singapore to evaluate 
baseline data and determine the impact of different CCC ventilation strategies. IAQ measurements were 
performed in 104 CCCs and parameters measured in this study include air temperature, relative humidity, 
velocity, air exchange rates, carbon dioxide, carbon monoxide, fine particles, ozone, VOCs and carbonyls, 
viable bacteria and fungi. Summary tables and figures provide the baseline IAQ data of CCCs and 
impacts of ventilation strategies also presented. This chapter also compares the baseline information 
acquired with studies performed in other countries (mainly in the Nordic studies). 
 
Chapter 3 presents the study on indoor allergen levels in 104 representative CCCs in Singapore, their 
distributions in different niches within the CCCs and the various factors affecting the levels. The panel of 
allergens evaluated in this study include Der p 1, Blo t 5, Fel d 1, Can f 1, Mus m 1, Bla g 1 and Asp f 1. 
This chapter evaluates allergen loadings in classroom floors, curtains, kitchens, mattresses and sofa and 
presents the associations of some allergen levels with some CCC characteristics and IAQ parameters. 
 
Chapter 4 contains an epidemiological study to determine associations of different CCC characteristics 
with asthma, allergies and respiratory symptoms among full-time attending CCC children. A cross-
sectional study involving 4629 children with parental reports of symptoms and inspector observations of 
CCC exposures was used here. This chapter points out some CCC characteristics that were associated 
with allergic and respiratory symptoms among children. Results of this chapter can provide important 
information for decision making bodies to make indoor CCC environments healthy. 
 
Chapter 5 documents an epidemiological study on the associations of home indoor characteristics with 
asthma and allergies symptoms among 4759 preschool children using a cross-sectional design and 
parental reports of exposure and symptoms. A sub-study to validate the parental report of exposure for 
some characteristics was performed on a sub-population of 60 children. Results underscore the 
importance of the home environments in playing an important role in children’s asthma and allergies 
conditions. 
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Chapter 6 presents the study on the associations of traffic exposures in the homes and asthma and 
allergies among children without known indoor risk factors and how home air conditioning use modify 
these associations. 
 
Chapter 7 concerns final remarks, implications and future recommendations related to the thesis.  
 
Appendices provide details of thesis. 
 
 
1.7.2 Thesis vis-à-vis Backdrop of Research Program 
This thesis is part of a larger research program in the field of Indoor Environmental Quality and Health 
launched from the Department of Building, National University of Singapore. This research program is 
multidisciplinary in nature and involves collaborative involvement from the Department of Community, 
Occupational and Family Medicine and Department of Pediatrics from the Faculty of Medicine, Division 
of Environmental Science and Engineering from the Faculty of Engineering, and Department of 
Biological Sciences from the Faculty of Science. It is conducted in different phases as shown in Figure 
1.5. Briefly, cross sectional questionnaire surveys and IAQ studies of CCCs is to be performed in phase 1, 
followed by a nested case control study in the homes and CCCs in phase 2 dealing with specific indoor 
pollutants and clinical measurements, hospital-based case-control study and longitudinal study in phase 3 
and finally experimental studies in the chambers for phase 4. 
 
Being the pioneer in the research program, this thesis focuses on the phase 1 of the program and deals 
with the cross-sectional nature of the works. The overall concept is that findings identified in this thesis 
can develop hypotheses to be tested in the later phases. 




Figure 1.5 General structure of the research program and the thesis contribution. 
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INDOOR AIR QUALITY OF CCCS AND 
THE EFFECTS OF VENTILATION 
STRATEGIES  
   
2.1 INTRODUCTION 
 
There is increasing evidence that exposure to physical, chemical and biological indoor pollutants may 
cause various health problems among preschool children (Jaakkola, 2000). The possible health effects 
vary from respiratory symptoms caused by short term exposures to allergic diseases caused by chronic 
exposure. Information about indoor air quality (IAQ) in child care centers (CCCs) is sparse and there has 
been a paucity of data from the tropics. In Singapore, the guideline on indoor air quality of CCCs appears 
to be inadequate (MOH, 1998); it broadly stipulates that ventilation of classrooms and sickbays to be 
adequate such that indoor carbon dioxide concentrations are maintained below 1000 ppm, outdoor and 
primary filters to be of 60 and 80% arrestance respectively and requires that condensation of air-
conditioning ducts to be prevented and water damaged surfaces replaced. No information of whether 
other pollutants in the CCCs should be maintained below certain threshold values.  Due to the limited 
guidelines, IAQ investigations will be difficult in evaluating whether pollutant levels in CCCs are 
acceptable or otherwise. This presents an important challenge because it is often difficult to determine 
what the ‘normal’ levels of pollutants in CCC should be as threshold for evaluation. Thus, baseline data 
from CCCs is needed to establish sufficient background information for evaluation of CCCs.  
 
The CCC air exchange rate (AER) can be a major determinant of the influence of indoor and/or outdoor 
source contributions on indoor levels of pollutants. Theoretically, high AER in CCCs may aid in diluting 
indoor sources of pollutants while at the same time promotes the introduction of outdoor pollutants. On 
the other hand, poor ventilation may result in the build up of indoor generated pollutants while 
concomitantly reducing the ingress of outdoor pollutants. Knowledge of the effects of ventilation on 
pollutants of indoor and/or outdoor origin in CCC is equally as important. This information can help to 
guide regulatory decision-making and public health protection efforts.   
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2.1.1 Literature Review on CCC Indoor Air Quality (IAQ)   
Typically, the parameters to evaluate IAQ have included physical, chemical and biological 
characterization (Nevalainen et al., 1987; Koskinen et al., 1995; Jaakkola, 2000). Physical 
characterization involves ventilation, temperature, humidity, air velocity and particulate matter. Chemical 
characterization includes indoor oxides of carbon, formaldehyde, volatile organic compounds (VOCs) and 
ozone. Biological characterization involves viable bacteria and fungi.   
 
2.1.1.1 Physical Characterization 
Air temperature, velocity and relative humidity are important physical parameters in a child care center. 
Together with mean radiant temperature, they affect the human thermal comfort level (Fanger, 1967). A 
study on 30 CCCs in Finland (cold Nordic climate) measuring indoor air temperature and relative 
humidity (Ruotsalainen et al., 1993) reported average air temperatures of 22 ± 0.90C and relative humidity 
of 31 ± 4.0%. The values varied largely for temperature (19-260C) and humidity (7-66%). The authors 
reported that there was a statistical difference in temperatures recorded for CCCs with mechanical exhaust 
and balanced ventilation. Furthermore, outdoor thermal conditions and presence of children were reported 
to be the main factors influencing the relative humidity. Similarly, another Scandinavian study reported 
wide variation of temperatures (20-280C) and relative humidities (18-41%) in Norwegian CCCs with a 
tendency toward temperatures above adult comfort level (Skaret and Nordvik, 1998).  
 
Ventilation rates in buildings are typically related to the number of people in litres per second per person 
(L/s.person), to floor area (L/s.person.m2) or to building volume in air change per hour or AER (both 
units in h-1) (ASHRAE, 1999). Ventilation rates have rarely been evaluated in CCCs outside the Nordic 
countries, although inadequate ventilation is often suspected to be an important condition leading to 
health symptoms. In Finland, Ruotsalainen et al. (1993) reported ventilation measurements of 30 CCCs 
utilizing mechanical exhaust and mechanical supply and exhaust ventilation systems averaging about 3.8 
± 2.7L/s.person (2.5 h-1 ± 1.8). The Finnish guideline of 5 L/s.person was only met in 30% of the studied 
rooms. Pejtersen and colleagues (1991) reported 3.6-11.8 L/s.person (equivalent to 2.4-7.9 h-1) in 10 
CCCs with mechanical supply and exhaust ventilation systems in Denmark. Another Danish study 
documented air exchange rates of 0.3-1.1 h-1 for mobile CCCs (Olsen & Dossing, 1982). For CCCs in 
Sweden, Sverdrup et al (1990) reported a mean AER of 1.3 h-1. ASHRAE standard 62-1999 (ASHRAE, 
1999) recommends a minimum ventilation rate of 3.5 L/s.person for CCCs. The guideline for CCCs in 
Singapore specifies a minimum of outdoor air supply such that the carbon dioxide (CO2) levels are 
maintained below 1000 ppm (MOH, 1998). The guideline for ventilation for Singapore building in 
general is 3.8 L/s.person (BCD, 1983) while for mechanically ventilated classroom is 2.6 L/s.m2 (7.8 
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L/s.person) (PSB, 1999). The ministry regulating child care center operations specifies a minimum floor 
area of 3 m2 per child regulation (MOH, 1998). 
 
Although the constituents of particulate matter can be physical, biological or chemical (Owen et al., 1992), 
in this study, it is classified as physical based on the principles of its measurements. Numerous 
epidemiological studies have demonstrated adverse impacts of PM exposures on mortality, pulmonary 
and cardiovascular health (e.g. Dockery et al., 1993; Peters et al., 1999; Schwartz & Neas, 2000; LeTertre 
al., 2002). Most of these investigations have relied upon outdoor PM concentrations as surrogates of 
human exposures. However, considering that children spend the majority of their time indoors, exposures 
to PM of outdoor origin may not be equal to exposures to outdoor PM concentration levels. The outdoor 
penetration of PM into an urban CCC close to major traffic was studied in Finland (Partti-Pellinen et al., 
2000). They reported that PM10 from outdoor traffic readily penetrated indoors (indoor-outdoor ratio of 
0.5). The indoor levels were reduced when mechanical filtration was installed (indoor-outdoor ratio of 
0.3). Aside from outdoor infiltration into the CCCs, sources in indoor environments can be derived from 
combustibles, activity-related or resuspension of settled dusts. Of all the parameters measured to 
characterize PM, PM2.5 has been consistently linked to adverse health. 
 
2.1.1.2 Chemical Characterization 
Carbon dioxide (CO2) concentrations are often used as a surrogate for the rate of outside air supply to 
occupant (ASHRAE, 1999). Levels above 1000 ppm are generally regarded as indicative of ventilation 
rates that are unacceptable (MOH, 1998). In Finnish CCCs, Ruotsalainen et al. (1993) reported a mean 
CO2 concentration of 800 ppm with ranges from 400–2500 ppm. In Norway (THF, 1987), the mean was 
reported at 1500 ppm (range 400-3000 ppm) for 50 CCCs. This value is close to that (1400 ppm; range 
900-2600 ppm) found in the Denmark study (Pejtersen et al., 1991) and Canada (1500 ppm; range 900-
2400 ppm) during winter (Daneault et al., 1992). However, some studies have reported even higher CO2 
concentrations in poorly ventilated CCCs reaching up to 4000 ppm (Lundqvist et al., 1982; Bakke & 
Levy, 1990). 
 
Carbon monoxide (CO), inherently hazardous at high concentrations, is primarily used as an indicator of 
pollutants from sources such as traffic and/or cooking. In CCCs, the sources can originate from vehicles 
and gas appliances. No studies documenting exposure measurements for CO was found.  
 
Similar to CO, nitrogen dioxide (NO2) is a common indoor and outdoor pollutant that is produced through 
combustion. Respiratory symptoms that are associated with asthma, such as coughing, wheezing, and 
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shortness of breath, have been studied in relation to NO2 measurements in large number of studies (IOM, 
2000). Alm and colleagues (1998) studied NO2 exposure of 246 children (aged 3-6 years) in 4 urban and 
4 sub-urban CCCs in Helsinki. The outdoor and indoor concentrations of NO2 were similar in both types 
of CCCs (with no indoor sources) during winter (urban indoor: 36, outdoor: 40 μg/m3; sub-urban indoor: 
29, outdoor: 27 μg/m3) and spring (urban indoor: 46, outdoor: 49 μg/m3; sub-urban indoor: 25, outdoor: 
25 μg/m3) seasons. In another Finnish study, outdoor penetration of NO2 into an urban CCC close to 
major traffic was studied (Partti-Pellinen et al., 2000). They reported that NO2 from outdoor traffic readily 
penetrated indoors (indoor-outdoor ratio of 0.8). The indoor levels were significantly reduced (indoor-
outdoor ratio of 0.5) when chemical filtration was installed.   
 
VOCs are ubiquitous in the indoor environments with different health and comfort effects. More than 300 
VOCs have been measured in indoor air due to the large number of sources in office buildings (Wallace, 
2000). High total volatile organic compounds (TVOC) concentrations (particularly above 1-2 mg/m3) 
indicate the presence of strong VOC sources and/or low ventilation. Cavallo et al (1993) reported TVOC 
concentrations 3.6 mg/m3 in 10 Italian nurseries and kindergartens. In 30 Finnish CCCs, it was reported 
that the range of concentrations of TVOC was 0.05 – 0.63 mg/m3 with an average of 0.17 mg/m3 
(Ruotsalainen et al., 1993). This range includes the TVOC value of 0.4 mg/m3 measured for a reference 
CCC in another Finnish study (Koskinen et al., 1995) where they also reported TVOC value of 0.7 mg/m3 
in a CCC with mold problem. None of the studies reported individual VOCs levels that may highlight the 
potential risk and biologic effects of some compounds known to be carcinogenic, toxic or even odorous 
(Molhave et al., 1997). Due to the strict cleaning regimes in CCCs, concerns arise because cleaning 
products contain volatile organic compounds (VOCs) that may pose risks to not only cleaners, but to 
children. These include irritation and other health hazards owing to inhalation exposures to cleaning-
product constituents and the production of secondary pollutants via reaction of unsaturated organic 
compounds with oxidants such as ozone (Wolkoff et al. 1998; Nazaroff & Weschler, 2004).  
 
Although formaldehyde (HCHO) is a member of the VOC family, it is usually discussed separately from 
other VOCs because of the large body of scientific literature that specifically addresses HCHO exposures 
and human health. Acute symptoms from HCHO exposures indoors have sometimes been found for eye, 
nose and throat irritations as well as lower airway and pulmonary effects (Samet et al., 1988). Average 
HCHO concentrations reported in Italian nurseries and kindergartens were generally close to 0.05 ppm 
(Cavallo et al., 1993). In 10 Danish CCCs (Olsen & Dossing, 1982), it was reported that HCHO 
concentrations was higher than 0.35 ppm in mobile buildings as opposed to 0.065 ppm in permanent 
buildings. In the former, there were more complaints of mucous membrane irritation of eyes, nose and 
                                                                                      CCC Indoor Air Quality & Ventilation Strategies 
 29
throat among the staff. In 30 Finish CCCs studied (Ruotsalainen et al., 1993), HCHO concentrations 
ranged from 2 – 38 μg/m3 with an average of 15 μg/m3. In another Finnish study, Koskinen et al. (1995) 
reported HCHO value of 10 μg/m3 in a mold problem CCC.  
 
The occurrence of ozone in the indoor environment has received increased attention over the last decade 
due to the recognition of its direct effect on human health and its important contribution to indoor 
chemistry (Weschler, 2000; 2006). When inhaled, ozone can damage the lung cells and aggravate chronic 
diseases such as emphysema, bronchitis and asthma (US EPA, 2006). Many studies have reported 
associations between outdoor ozone concentrations and morbidity and mortality (see review of Hubbell et 
al. (2005)). Additionally, ozone has been associated with respiratory symptoms and the use of asthma 
medication for asthmatic school children using maintenance medication (Gent et al. 2003). Unfortunately, 
no data has been published on ozone exposures in CCCs. 
 
2.1.1.3 Biological Characterization 
Airborne fungi exposure may lead to allergic sensitization and symptoms of allergy and asthma (Rylander 
and Etzel, 1999a; Bush and Portnoy, 2001), including fatal asthma episodes (O'Hollaren et al., 1991; 
Targonski et al., 1995). Though predominantly of outdoor origin, fungi can be traced indoors if there is 
mould growth within the surfaces or ‘amplifiers’ in the indoor environment (Burge, 1995). In Taiwan, Li 
et al (1997b) reported total airborne concentrations of fungi in 28 CCCs (geometric mean 1212 CFU/m3) 
that is positively associated with SBS symptoms. They reported in another study (Li et al., 1997a) 
concentrations of fungi that were lower in centers equipped with air-conditioners and air cleaners. 
Nevalainen et al (1987) reported mesophilic fungi concentrations averaging 70 CFU/m3 during winter in 
11 CCCs in Finland. In another Finnish study involving 2 CCCs, Koskinen and colleagues (1995) 
documented that airborne fungi level were higher (120 – 430 CFU/m3) in mould damaged buildings than 
in the reference building (29 – 64 CFU/m3). The children in the mould damage buildings had more 
symptoms and infections. In Singapore, among the fungal spores evaluated for their allergenecity, it was 
found that Curvalaria and Drechslera spores result in the highest skin prick test (SPT) responses which 
correlated with total serum IgE levels of the subjects and significantly associated with the presence of 
atopic disease (Chew et al., 2000). High allergic reaction rates of patients’ sera using dot immunoassay 
for Aspergillus and Penicillium spores were found. These spores accounted for 28% of the total indoor 
fungal airspora (Ong, 2004). Outdoor aerobiological surveys indicated associations of airborne fungi 
spores with asthma exacerbations (Lee et al., 1994; Chew, 1999). In most of the above CCC studies, no 
differentiation between mesosphilic and xerophilic fungi were highlighted.  
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Bacteria concentration in CCCs was evaluated by Li et al (1997a) in Taiwan. They reported indoor 
bacteria concentrations of 735 CFU/m3. However, it is unreported whether the bacteria sampled are those 
related to the environment or human (NIOSH, 1998). In 11 Finnish CCCs, Nevalainen et al (1987) 
reported airborne bacteria concentrations of 1690 CFU/m3 which is higher than that recorded in Finnish 
homes and offices. The authors reported that the bacteria concentrations were influenced by the children’s 
activities and that enhancing the AERs from <1.5h-1 to > 1.5h-1 lowered the levels. 
 
2.1.2 Summary of Literature Review vis-à-vis Tropical Conditions in Singapore – Knowledge 
Gap Identification 
The available but limited measurements of ventilation rates and CO2 concentrations in CCCs suggest that, 
based upon current ASHRAE ventilation standard, many centers are not adequately ventilated. The wide 
range in reported temperature and humidity values suggest that thermal comfort levels may be a concern. 
In Singapore, temperature and humidity levels within CCC settings can be influenced by ventilation 
strategies of CCCs. Further, information on ventilation, temperature and relative humidity has been 
reported from studies conducted in the cold Nordic climate or Canada during winter. The situation may be 
different in tropical countries like Singapore - high outdoor air temperature (mean annual: 26.60C) and 
humidity prevail throughout the year (mean annual: 84%). Due to differences in climate (seasonal 
variations) and practices for energy conservation, operations and maintenance of CCCs may differ 
considerably. Therefore, earlier findings reported may not be applicable to CCCs in Singapore. 
 
The pollutants most commonly measured in CCCs studies were chemicals which include TVOC, HCHO 
and NO2 as well as biologicals which include airborne fungi and bacteria. However, these studies have 
usually involved either a relatively small number of CCCs or been limited to a single geographic region 
or cold Nordic climate. In other words, the role of indoor air pollutants exposure in CCCs has not been 
extensively and systematically investigated. Reports on indoor air pollutants in CCCs with dampness 
(mold), outdoor traffic (PM, NO2), complaints regarding emissions (HCHO) and combustion products 
(CO) have been restricted to specific case studies (Jaakkola, 2000). No speciation of VOC measurements 
have been performed in CCCs despite strict cleaning regimes involving the use of detergents and 
associated risks with their primary and secondary exposures. In addition, exposures to pollutants such as 
PM2.5 and ozone have not been determined within CCCs environments despite their exposures in the 
homes or outdoors have been consistently associated with symptoms of asthma and allergies and their 
severity (Gent et al., 2003). In Singapore, the guideline on indoor air quality of CCCs is inadequate 
(MOH, 1998) and it is difficult to evaluate whether pollutant levels in CCCs are acceptable or otherwise. 
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In conclusion, there is a need for a comprehensive investigation of pollutants exposure in CCC in which a 
standardized protocol is used to measure them across representative and typical CCCs in Singapore. The 
information on the indoor concentrations of pollutants in a representatively large setting would provide 
baseline data for the evaluation and interpretation of CCCs and also investigate their determinants. It can 
also provide baseline assessment for future randomized clinical trials to evaluate the effect of a 
comprehensive strategy to reduce indoor air pollution levels on the health of children.  
 
2.1.3 Ventilation Strategies as an Important Determinant of IAQ in CCCs 
The determinants of IAQ in CCC are numerous; they include building envelope, occupants and their 
activities, ventilation and air-conditioning systems, indoor and outdoor pollutant sources, and others. 
However, all of these factors are interrelated by an important parameter – ventilation. In Singapore, the 
ventilation strategies adopted by the CCCs can be conventionally classified as 1) naturally ventilated 
(NV), 2) air-conditioned and mechanically ventilated (ACMV) and 3) hybrid (combination of natural 
ventilation and air-conditioning) ventilated (HB) and 4) air-conditioned but without ventilation (AC). For 
this study, ACMV CCCs are defined as those with a dedicated or shared air handling unit (AHU), 
filtration and fresh air provision (typically about 10%), HB CCCs as those that incorporate air 
conditioning for a portion of the day (typically 2 hours) to provide thermal comfort and relying on natural 
ventilation at other times of the day, NV CCCs as those that rely on open windows only for ventilation 
and AC CCCs as those that incorporate split unit air-conditioners for conditioning air without any 
provision of fresh air. Ventilation strategies in Singapore CCCs may influence environmental, ventilation 
rates and pollutant levels. It is hypothesized that diverse indoor environments can arise due to these 
differences in ventilation strategies. 
 
There has been no report documenting how different ventilation strategies can affect the IAQ in CCCs. 
Thus, a study is required to determine the impacts of different ventilation strategies on indoor pollutants 
within CCCs derived from indoor and/or outdoor sources. Arising from the tropical hot and humid 
climate, this study seeks to provide a better understanding on how IAQ is affected by ventilation in 
tropical CCCs.  
 
2.1.4 Objectives 
The purpose of the present study is to address two objectives: 
1. To determine the indoor air quality of representative CCCs in Singapore. 
2. To evaluate the impact of ventilation strategies on indoor air quality in CCCs 
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These two objectives together constitute Obj 1 on page 14. 
 
For the second objective, the study was designed to assess the following specific hypotheses: 
1. Different ventilation strategies in CCCs results in difference in AER, temperature and relative 
humidity profiles. AERs, temperature and relative humidity in NV and HB CCCs are expected to 
be higher than those in ACMV and AC CCCs. 
 
2. Ventilation strategy in CCCs is a major determinant of the relative influence of indoor and/or 
outdoor sources of pollutants on indoor air concentrations. 
a. Pollutants of indoor sources in AC and ACMV CCCs are higher than those in NV and 
HB CCCs. 
b. Pollutants of outdoor sources in AC and ACMV CCCs are lower than those in NV and 
HB CCCs. 
 
For the purpose of this study, definition of indoor air quality (IAQ) have been limited to air temperature, 
relative humidity, air velocity, ventilation, carbon dioxide, carbon monoxide, ozone, fine particles (PM2.5), 
volatile organic compounds, carbonyls, airborne bacteria and fungi. 
 
2.2 MATERIALS AND METHODS 
 
2.2.1 CCC Population and Sampling  
From the Ministry of Community Development, Youth and Sports’ database of 687 CCCs in Singapore, 
120 CCCs (18%) were randomly selected to participate in this study. Of the 120 CCCs, 104 (86.7%) 
agreed to participate in the measurements. These CCCs are well distributed throughout the island (Figure 
2.1). 
 
Prior to any measurement, a cursory level of plan and archive analysis which includes reviews of plans, 
specifications and operation and maintenance records was performed. Then, a walkthrough assessment 
was conducted in the CCC premises to determine the indoor and outdoor locations for the sampling. For 
each CCC, two indoor classrooms and an outdoor sampling point (not exceeding 5 meters away from the 
building) were randomly selected and identified for air sampling. At each of these three locations, 
temperature, relative humidity, air velocity, ventilation, carbon monoxide, carbon dioxide, bacteria, fungi 
were sampled simultaneously. For sampling of ozone, fine particle (PM2.5), VOCs and carbonyls, a 
central indoor location within the CCCs and an outdoor location were simultaneously monitored. All the 
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samplings were conducted during occupied hours with the air pollutants samplings performed near the 
breathing zone of children (approximately 0.5-0.7m). 
 
Sampling was designed to evaluate the ‘typical’ daily exposure levels of pollutants to the preschool 
children in each CCC. In keeping with this, sampling measurements were conducted in the middle of the 
week and during the day from 8 in the morning to 5 in the evening. Although there are no seasons in 
Singapore, attempt was made to perform measurements for equal numbers of CCCs from each category of 
ventilation strategy within each month.  
 













2.2.1.1 Temperature, Relative Humidity and Air Velocity 
For the three sampling locations, air temperature and relative humidity data were collected continuously 
by battery-operated HOBO H8 Family data loggers with internal sensors (Onset Corporation, Bourne, 
USA). Data were downloaded onto the BoxCar Pro software and then exported for data management. 
Measurements were conducted from 8 am to 5 pm at one minute intervals. Air velocity was measured 
using a hot wire anemometer (Kanomax Climomaster, Japan) in the morning between 8 am to 11 am at 
one minute intervals. 
 
2.2.1.2 Carbon Dioxide, Carbon Monoxide and Ventilation Rates 
Carbon monoxide measurement was made using three T15v Langan CO Measurers (Langan Products Inc., 
San Francisco, USA). The 3 HOBO loggers used in 2.2.1.1 were interfaced with 3 carbon dioxide (CO2) 
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monitors, which utilized non-dispersive infrared principle (Tel-Aire, Santa Barbara, USA). Due to 
limitation of Tel-Aire –HOBO instrument interface, carbon dioxide concentrations above 2500ppm 
cannot be logged. As such, back-up measurements using Q-trak (TSI Inc, St Paul,  USA) for suspected 
low ventilated rooms (e.g. air-conditioned rooms) were employed. All the analyzers were calibrated as 
per recommendation of the manufacturers. Zero checks were conducted on the monitors (99.9% nitrogen 
gas) in the laboratory prior to use. Periodic zero checks were also conducted throughout the course of 
sampling in the field. The measurements of colocated Q-trak and Tel-Aire instrument were comparable 
(Appendix A.1.1). All measurements were conducted from 8 am to 5 pm at one minute intervals. 
 
Using the measured CO2 as a tracer gas, AER in the CCCs were analyzed using the TGD software 
(LESO-PB, EPFL, Switzerland). This method of measuring AER using tracer decay techniques has been 
validated by Roulet & Foradini (2002), applied in Singapore buildings and found to be statistically similar 
compared to the tracer decay method using sulphur hexafluoride (Lagus & Persily, 1985) as a tracer gas 
in co-measurements (see Appendix A.1.5). The fresh air amounts per occupant in the CCC were 
calculated using the classroom volume. 
 
2.2.1.3 Fine Particle (PM2.5) and Ozone 
Fine particle mass concentration (PM2.5) was measured using nephelometers (TSI DustTrak 8520, TSI 
Incorporated, St. Paul, USA). Nephelometers measure light scattered by aerosol introduced into their 
sample chamber. Nephelometers are fairly simple and compact instruments with excellent sensitivity and 
time resolution. However, scattering per unit mass is a strong function of particle size and refractive index. 
Two comparable nephelometers were placed in the indoor and outdoor (Appendix A.1.3). Both the 
nephelometers were calibrated as per recommendation of the manufacturers. Zero checks were performed 
regularly using HEPA filters supplied by the manufacturers.  The measurements were conducted from 8 
am to 5 pm at one minute intervals.  
 
For comparative purposes, collocated measurements were performed with gravimetric techniques using 
Model 400 Micro environment monitors (MSP Corporation, MN USA) with impactor cut-point diameters 
of 2.5 microns. Samples were collected on 37 mm PTFE, 2.0 μm pore size filters (Gelman Sciences, Ann 
Arbor, MI, USA). Flow rates for the monitors were set at 10 L/min. Filters for the Micro environment 
monitors were weighed twice prior to sampling and twice after sampling using a Scientech weighing 
balance (Scientech, Boulder, CO, USA) with a sensitivity of ±10 μg. Results of collocated measurements 
showed reasonable agreement between the two techniques (Appendix A.1.3). Co-located sampling was 
conducted from 8 am to 5 pm. 
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Ozone was analyzed using a pair of comparable UV-absorbance ozone analyzers (2B Technologies Inc., 
Golden, CO, USA; Appendix A.1.4). The analyzer determines ozone concentrations in the room based on 
its absorption of ultraviolet light at a wavelength of 254 nm within a closed cell, continuously referenced 
to a clean air sample (maintained by the instrument). Copper oxide cartridges were used to perform 
periodic zero checks. For each CCC, one instrument was placed in the middle of the classroom while 
another outside. All the measurements were conducted from 8am to 5pm at one minute intervals. 
 
2.2.1.4 Airborne Viable Bacteria and Fungi 
Airborne viable bacteria and fungi were sampled in the indoor and outdoor locations using a single stage 
Andersen impactor (Graseby-Andersen, Atlantis, USA). All the biological measurements were conducted 
in the morning between 8 and 11 am. The protocol involves the collection of duplicate samples for each 
location and employing a field and a laboratory blank for each CCC. Tryptone soy agar was used as 
culture media for human - and environmental-related bacteria (NIOSH, 1998). Malt extract agar and 
dichloran glycerol 18 (DG-18) agar were used as culture media for mesophilic and xerophilic fungi 
respectively (NIOSH, 1998).  Due to the high loading, sampling durations were one and two minute for 
bacteria and fungi respectively. Incubation conditions for human - and environmental-related bacteria 
were 370C for two days and 250C for 5 -7 days respectively (NIOSH, 1998). For fungi samples, the 
incubation period was 250C for 5 -7 days. The bacteria and fungi colonies were then enumerated and 
concentrations evaluated in CFU/m3 after making adjustment for positive hole correction (Macher, 1989).  
  
2.2.1.5 Volatile Organic Compounds (VOCs) and Carbonyls 
For this study, 25 target VOCs were selected for analysis according to the following criteria: (a) interest 
because of their health and comfort significance (Wallace, 2000), (b) representative of the major chemical 
classes of compounds that occur in indoor air (Molhave et al., 1997) and (c) utility of one or group of few 
compounds as markers of pollution sources (Heavner et al., 1995; Jantunen et al., 1998). Calibration and 
quality assurance and control (QA/QC) were directed at these target VOCs. These 25 target compounds 
were in the list recommended to be included for analysis of TVOC (Molhave et al., 1997) and also 
include those that have been found to be frequently occurring in office buildings in Singapore (Sekhar et 
al., 2001). 
 
VOCs were actively sampled in one indoor location (main classroom) and an outdoor location for each 
CCC using Buck IH pumps (AP Buck Inc, Orlando Florida, USA)  on Tenax TA sorbent contained in 
stainless steel tubes (1/4” OD x 3.5”). The sampling tubes had been preconditioned for 1 hour in a stream 
of 30 ml min−1 inert helium at 300 °C for 180 min using an automated thermal desorber (ATD 400, Perkin 
                                                                                      CCC Indoor Air Quality & Ventilation Strategies 
 36
Elmer). Duplicate volumes of air for the sampling were employed using Supelco Q max tube holder with 
typical sample volumes recording 2.7 and 5.4 L. Flow-rates set at 5 and 10 mL/min, were measured 
before and after sampling using the mini Buck airflow calibrator (AP Buck Inc, Orlando Florida, USA) 
and then averaged to account for any flow drift. Samplings were conducted from 8am to 5pm. For every 
CCC, a field and laboratory blank is employed. All samples were then sealed using swagelock fittings, 
placed in cool containers and transported back to the laboratory for analysis on the same day. 
 
The sampled VOCs were desorbed using the ATD and transferred via a heated (200 0C) fused silica line 
(length: 1.5 m) into a gas chromatograph (GC). The thermal desorption program included leak checks to 
ensure sample integrity. The tubes were then purged with helium for 1 minute after which the samples 
were thermally desorbed at 300 oC for 10 minutes. The analytes were then transferred to a cold trap where 
cryofocussing was performed at -30 oC. The focusing trap was flash heated up to 300 oC at a rate of 40 
oC/sec. The VOCs were separated on a 30m x 0.25mm x 0.25μm film thickness, crosslinked 5% PH ME 
siloxane low bleed capillary column with the following temperature program: 30 oC hold for 4 min, 3 
oC/min up to 5 oC/min ramp to 220 oC. Trace VOCs in the carrier gas were removed using a VOCs trap in 
series with a gas purifier. The compounds were identified using a mass selective detector (MSD), 
National Institute of Standards and Technology (NIST) library and elution times compared with those of 
pure compounds. Field and laboratory blanks were similarly analysed.  
 
VOCs used for calibration were of high purity (<99.7%) acquired from AccuStandard Inc. A 5-point 
calibration was performed on the GC-MSD system using the VOCs standards prepared by serial dilutions 
of known amounts in methanol. The standards were injected into preconditioned tubes. The standards 
were analyzed using ATD-GC-MSD procedures similar to those used for the samples. Relative standard 
deviation (RSD) of the calibration data were between ±0.2% and 32.5% and the calibration curves were 
linear with R2 values between 0.988 and 0.999. Instrument limits of detection (LOD) for the VOCs were 
determined by making 5 replicate measurements of concentrations near the expected detection limit 
(within a factor of 5). LODs range from 0.60 to 9.40 ng trap−1 depending on VOC corresponding to 
method detection limits (MDLs) ranging from 0.11 to 1.74 μg m−3. VOCs with measured values lower 
than their MDL were assigned to a value half of the MDL (see Appendix A.2.2). 
 
Carbonyls such as formaldehyde, acetaldehyde, acetone, methyl isobutyl ketone, nonanal and 
acetophenone were targeted for sampling and analysis based on the same criteria for VOCs. Duplicate air 
samples for indoor (main classroom) and outdoor locations of the CCCs were pumped through a Supelco 
cartridge filled with silica impregnated with an acidified solution of 2,4-dinitrophenylhydrazine (2,4-
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DNPH) using Buck pumps at flow rates of 0.5 and 1L/min. Samplings were conducted from 8am to 5pm. 
For every CCC, a field and laboratory blank is employed. Each cartridge was sealed with Teflon caps 
immediately after sampling, then wrapped in aluminum foil, placed in cool containers and then brought 
back to laboratory where it is refrigerated. Analyses of samples were conducted within 30 days of 
sampling.  
 
For each cartridge, the analytes were eluted using 2mL of acetonitrile under gravity feed in the direction 
opposite that of the airflow during sampling. The eluate were collected under a 5mL volumetric flask and 
acetonitrile were added to fill up to the 5mL mark.  For analysis, 25-μL aliquots were injected into an 
Agilent high performance liquid chromatography (Model 1100). The analytical conditions were as 
follows: a Zorbax ODS (4.6m ID x 25-cm) analytical column, water/acetonitrile, 60/40 v/v as a mobile 
phase, and a flow rate of 1 mL/min. The carbonyl derivatives were detected at 360 nm with a diode array 
detector. Calibration was done by direct injection of liquid standard mixtures with known amounts of 
solid hydrazones dissolved in acetonitrile. For the studied carbonyls, the calibration curves were linear 
with R2 values ranging from 0.983 and 0.999. Limits of detection (LOD) were determined by making 5 
replicate measurements of concentrations near the expected detection limit (within a factor of 5) where 
the MDLs range from 0.23 to 0.46 μg m−3.  
 
2.2.1.6 CCC Characteristics 
Some of the CCC characteristics could provide important information relating the measured IAQ 
parameters. They were analyzed as independent variables in the models for different IAQ parameter. At a 
macro level, these include the CCCs geographical location within Singapore (north, south, east or west – 
based on the postal code of the CCCs) and traffic densities (light, medium or heavy) outside the CCCs. 
For the main building variables, the information obtained were building types (Void-deck 1 , office 
building, single house or others), floor area (m2), number of rooms and the age. The type of ventilation 
strategies were classified as naturally ventilated (NV), hybrid ventilated (HB), air conditioning and 
mechanically ventilated (ACMV) and air conditioned (AC). For this study, ACMV CCCs are defined as 
those with a dedicated or shared air handling unit (AHU), filtration and fresh air provision (typically 
about 10%), HB CCCs as those that incorporate air conditioning for a portion of the day (typically 2 
hours) to provide thermal comfort and relying on natural ventilation at other times of the day, NV CCCs 
as those that rely on open windows only for ventilation and AC CCCs as those that incorporate split unit 
air-conditioners for conditioning air without any provision of fresh air. Information was obtained on the 
                                                 
1 Void-decks are the ground floors for high-rise residential apartments. Most of the void-decks in Singapore are 
unoccupied but some are utilized for CCCs, shops and other communal amenities.  
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use of mechanical fans (yes or no) and whether visible damp stains and molds on the walls, floor or 
ceiling was present (yes or no).  
   
2.2.2 Data Analysis 
In order to obtain the best concentrations estimates for each CCC, the two indoor samples were 
aggregated (by simple averaging) into one indoor concentration when measuring temperature, relative 
humidity, air velocity, carbon dioxide, carbon monoxide, bacteria and fungi. This is provided that the two 
indoor locations share the same ventilation strategy (e.g naturally ventilated) within that CCC. However, 
it was found that there are rooms in some naturally ventilated CCCs which are air-conditioned. For these 
CCCs (N=19), two indoor air locations in the NV rooms and another indoor air location in the AC room 
were measured. In sampling for ozone, fine particles, VOCs and carbonyls, additional indoor 
measurements within the AC rooms of these 19 CCCs were also performed. 
 
Data analysis was conducted using SPSS version 14.0 (SPSS Inc, Chicago, USA). Normal distribution of 
the levels of pollutants was examined for the original and the natural log transformed values. 
Distributions of the pollutants were evaluated using Kolmogorov-Smirnov test. Comparisons of means of 
the pollutants which are normally distributed among 2 variables were performed using Student’s t-test 
while for 3 or more variables, ANOVA was used. For non-parametric data, Mann-Whitney U test or 
Kruskal-Wallis ANOVA test were correspondingly used. Correlations between pollutants levels were 
performed by determining Pearson coefficients or Spearman coefficients. Regression analyses were 
performed to evaluate the patterns of indoor and outdoor levels of pollutants. 
 
To investigate the source type underlying the observed indoor VOCs and carbonyls concentrations, factor 
analysis was performed (Johnson & Wichern, 2002). This analysis was performed mainly for the purpose 
of grouping the compounds by source groups to facilitate the discussion on the effects of ventilation 
strategies of CCCs on VOCs and carbonyls levels. Compounds that were detected more than 90% of the 
samples were subjected to this analysis. There are several methods for determining the number of factors 
and estimating factor loadings. This includes the very widely used principal component analysis (PCA). 
Another method of estimation, maximum-likelihood solution (MLS) is also used in conjunction with PCA 
to evaluate consistencies of estimated factor loadings. In this chapter, both PCA and MLS are used to 
evaluate consistency of the factor structure of the compounds (Johnson & Wichern, 2002). Orthogonal 
(Varimax) rotations were performed for both extraction procedures. Factor scores were calculated from 
the resulting factor structure and used to evaluate the consistencies of PCA and MLS methods. As 
recommended, the original data was randomly divided into two subsets and their factor scores evaluated 
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to confirm the factor structure (Johnson & Wichern, 2002). To account for correlation among the 
extracted factors or sources, an additional procedure of extraction utilizing principal axis factor with 
oblique (Promax) rotation was also performed. Data were analysed on the natural logarithmic scale since 
most compounds appeared to approximate more closely log-normal distributions. To further elucidate the 
structure of the data and to explore the possible sources of other compounds, the factor analyses were 
repeated relaxing the above criteria. This involves analyses including CO2, AER and compounds with less 




2.3.1  Baseline Data 
2.3.1.1 Temperature, Relative Humidity, Air Velocity and Ventilation Parameters 
Table 2.1 provides the summary statistics of temperatures, relative humidity, air velocity and ventilation 
parameters. The distributions of temperatures and relative humidity are normally distributed while air 
velocity and the 3 ventilation parameters are log-normally distributed. For the 104 CCCs, mean indoor 
temperature were lower than the corresponding outdoor levels (P<0.001). The values were moderately 
correlated (correlation coefficient: 0.215, P<0.05). Mean relative humidity were higher outdoors but this 
difference was not statistically significant (P=0.128). The correlation coefficient recorded was 0.401 
(P<0.05). There is no difference in the air velocity measured indoors and outdoors and their correlation 
were very poor (correlation coefficient: 0.018, P>0.05).  
 
The geometric and arithmetric means of the AER were 2.4 h-1 and 4.1 h-1 respectively. The calculated 
mean fresh air amounts to the occupants based on design (capacity) and actual were 6.7 and 6.6 L s-
1.person-1 respectively. The fresh amounts were higher than our local building guidelines of 3.8 Ls-
1.person-1 (BCD, 1983) although 37 and 42 rooms (out of 123 rooms) were lower than the recommended 
value by design and actual. None of the ACMV CCCs meet the 7.8 Ls-1.person-1 guideline for air-
conditioned and mechanically ventilated classroom (PSB, 1999). 
 
2.3.1.2 CO2, CO, PM2.5 and O3 
Table 2.2 provides the summary statistics of the indoor and outdoor mean values of carbon dioxide, 
carbon monoxide, fine particles and ozone. The distributions of carbon dioxide, fine particles and ozone 
are normally distributed. The distribution for carbon monoxide cannot be described by either normal or 
log-normal. Therefore, non-parametric evaluations were used for carbon monoxide. For the 104 CCCs, 
the mean values of indoor carbon dioxide concentrations were significantly higher than correspondingly 
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outdoor concentrations (P<0.001). Between them, there was no correlation (correlation coefficient: 0.085, 
P>0.10). Indoor and outdoor concentrations of carbon monoxide were highly correlated (Spearman 
correlation coefficient: 0.666, P<0.01) with indoor levels higher than outdoors (P<0.01). For fine 
particles, indoor and outdoor concentrations of carbon monoxide were highly correlated (correlation 
coefficient: 0.865, P<0.01). There was no difference in the indoor and outdoor levels of PM2.5 (P=0.273). 
Outdoor ozone concentrations were significantly higher than indoors (P<0.001) while the correlation was 
found to be high (correlation coefficient: 0.860, P<0.01).  
 
The MOH guideline stipulates that carbon dioxide concentrations within CCCs should not exceed 1000 
ppm (MOH, 1998). Among the 123 classrooms surveyed, 25 classrooms exceeded this threshold limit for 
the 9 hour mean values while 39 classrooms exceeded the limit at some time during the day. 
 
2.3.1.3 Bacteria and Fungi 
Table 2.3 provides the summary statistics of the indoor and outdoor mean values of viable bacteria and 
fungi concentrations. The distributions for viable bacteria and fungi cannot be described by either normal 
or log-normal. Non-parametric tests were used for data analysis. Total, human-related and environmental 
bacteria concentrations measured indoors were higher than corresponding outdoor concentrations 
(P<0.001). Indoor human-related bacteria concentrations were not correlated with outdoors (Spearman 
correlation coefficient: 0.08, P>0.1). Indoor total and environmental bacteria concentrations were 
moderately correlated with outdoor (Spearman correlation coefficient: 0.220 and 0.223 respectively; 
P<0.05). There was no difference in the indoor and outdoor concentrations of total, mesophilic and 
xerophilic fungi (P>0.1). The correlations were good between indoor and outdoor concentrations 
(Spearman correlation coefficient: 0.612; 0.484 and 0.727 respectively; P<0.01). 
 
2.3.1.4 Volatile Organic Compounds and Carbonyls 
Tables 2.4 provide the summary statistics of the indoor and outdoor values of volatile organic compounds 
and carbonyls respectively. The distributions for all the target compounds could not be described as 
normal and therefore geometric means and standard deviations were reported with non-parametric tests 
were used. Compounds significantly higher indoor than outdoor (P < 0.05) includes 1-butanol, 
naphthalene, formaldehyde, 2-propanone and nonanal. Indoor concentrations of limonene is marginally 
higher than outdoor (P = 0.099). Outdoor compound concentrations which are significantly higher than 
indoors (P < 0.05) are 1,1,1-trichloroethane, tri - and tetra - chloroethene, benzene, styrene, benzaldehyde 
and acetophenone.  Outdoor concentrations of n-decane is marginally higher than indoor (P = 0.085). 
Other compounds show no statistical difference in their indoor and outdoor concentrations. Significant 
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correlations (ranging from 0.188 to 0.658) between indoor and outdoor concentrations were found for 
benzene, 1-butanol, toluene, butylacetate, ethylbenzene, m/p-xylene, styrene, o-xylene, 2-butoxyethanol, 
1,3,5-trimethylbenzene, n-decane, 1,4-dichlorobenzene, 2-ethyl hexanol, naphthalene, n-hexadecane, 
formaldehyde, acetaldehyde, acetone, acetophenone and methylisobutylketone (P < 0.05). No 
correlations were found for the other compounds. 
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Table 2.1 Summary statistics of temperature, relative humidity, air velocity and ventilation parameters of the 104 CCCs 
 N Mean4 ± SD5 Median Min Max 25th % 75th % 90th % 
Indoor 
Temperature (0C) 1 123 28.3 ± 2.1 28.7 22.2 31.9 27.4 29.9 30.7 
Relative humidity (%RH) 1 123 68.5 ± 11.6 69.1 47.0 92.7 61.6 77.0 83.2 
Air velocity (ms-1) 2 123 0.61 ± 0.38 0.57 0.10 1.70 0.29 0.83 1.17 
Outdoor 
Temperature (0C) 1 123 30.3 ± 2.5 30.0 26.0 35.9 28.5 31.3 33.5 
Relative humidity (%RH) 1 123 70.7 ± 11.9 72.0 49.1 94.5 64.4 80.1 84.8 
Air velocity (ms-1) 2 123 0.61 ± 0.80 0.46 0.10 8.40 0.31 0.66 1.07 
Ventilation 
AER (h-1) 3 123 2.44 ± 3.02 2.85 0.10 17.60 1.06 5.69 9.57 
Fresh air _ capacity (L.s-1.person-1) 3 123 6.7 ± 3.2 7.2 0.2 83.5 3.0 16.9 32.0 
Fresh air _ actual (L.s-1.person-1) 3 123 6.6 ± 4.1 8.0 0.1 82.1 2.7 18.0 37.3 
1 Average values taken from measurements between 8 am to 5pm; 2 Average values taken from 10 minutes spot measurements between 8 am to 11 am; 3 Average 
values taken from decay profiles of CO2 measurements between 8 am to 5pm; 4 Mean are arithmetic if distribution is normal or geometric if otherwise; 5 SD 
(standard deviation) - are arithmetic if distribution is normal or geometric if otherwise. 
 
Table 2.2 Summary statistics of carbon dioxide, carbon monoxide, fine particles and ozone of the 104 CCCs 
Pollutant1 N Mean3 ± SD4 Median Min Max 25th % 75th % 90th % 
Indoor 
Carbon dioxide (ppm) 2 123 713 ± 456 514 357 3344 453 868 1231 
Carbon monoxide (ppm) 2 123 1.1 ± 0.7 1.0 0.0 3.7 0.8 1.4 2.0 
PM2.5 (μgm-3) 5  119 69.5 ± 33.2 63.2 20.1 177.2 44.7 88.5 118.9 
Ozone (ppb) 5 119 29.6 ± 17.2 27.1 2.2 80.2 16.5 39.8 51.8 
Outdoor 
Carbon dioxide (ppm) 123 374 ± 49 378 325 460 334 419 439 
Carbon monoxide (ppm)  123 0.9 ± 0.7 0.9 0.0 4.0 0.4 1.1 2.0 
PM2.5 (μgm-3) 5 119 74.5 ± 38.1 65.5 15.9 183.0 47.4 94.4 129.8 
Ozone (ppb) 5  119 48.6 ± 23.0 47.3 12.2 137.3 33.1 58.7 73.1 
1 Average values taken from measurements between 8 am to 5pm; 2 Aggregated values of 2 indoor locations; 3   Mean are arithmetic if distribution is normal or 
geometric if otherwise; 4 SD (standard deviation) - are arithmetic if distribution is normal or geometric if otherwise. 5  4 rooms were not measured due to 
instrument problems. 
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Table 2.3 Summary statistics of viable bacteria and fungi of the 104 CCCs 
Pollutant1 N Mean ± SD3 Median Min Max 25th % 75th % 90th % 
Viable Bacteria (CFU/m3) 
Indoor2 
Total 4 123 4517 ± 6098 4110 356 186191 1945 8500 25738 
Human related  123 1573 ± 2045 1569 186 46431 857 3465 6748 
Environmental 123 2084 ± 3439 1979 186 185724 947 4385 14135 
Outdoor 
Total 4 123 1332 ± 2131 859 356 186081 604 2099 12039 
Human related  123 272 ± 408 307 186 7074 141 523 1170 
Environmental 123 814 ± 1461 572 186 185724 283 1081 11490 
Viable Fungi (CFU/m3) 
Indoor2 
Total 5 123 1328 ± 1184 1342 186 14250 935 2152 2959 
Mesophilic 123 420 ± 423 657 96 7084 419 995 1595 
Xerophilic 123 516 ± 557 582 96 7166 343 922 1365 
Outdoor 
Total 5 123 1419 ± 888 1279 356 13134 958 1852 3930 
Mesophilic 123 709 ± 537 686 96 4970 512 1087 1922 
Xerophilic 123 526 ± 563 512 96 8164 362 965 1816 
1 Mean values taken from spot measurements between 8 am to 11 am; 2 Aggregated values of 2 indoor locations; 3 Mean and SD (standard deviation) are 
geometric due to skewed distributions. 4 Total is the sum of human related and environmental bacteria; 5 Total is the sum of mesophilic and xerophilic fungi.  
6 below method detection limit (MDL) 
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Table 2.4 Summary statistics of volatile organic compounds and carbonyls (μg/m3) 
Compound N2 Mean ± SD 3 % >MDL Median Min Max 25th % 75th% 90th % 
Indoor 
2-propanol 76 2.65 ± 3.90 93 2.18 0.201 210.06 1.07 6.39 20.04 
Isoprene  53 0.17 ± 0.09 28 0.131 0.131 0.64 0.131 0.28 0.40 
1,1,1-trichloroethane 94 0.13 ± 0.05 15 0.111 0.111 0.46 0.111 0.111 0.26 
Benzene 116 21.50 ± 22.80 97 28.63 0.851 148.74 10.94 45.40 70.29 
1-butanol 111 0.58 ± 0.72 92 0.47 0.071 40.44 0.28 1.10 2.96 
n-heptane 110 0.48 ± 0.36 36 0.301 0.301 7.02 0.301 0.74 1.50 
Trichloroethene  102 0.75 ± 0.33 21 0.611 0.611 3.15 0.611 0.611 1.67 
Toluene 116 19.56 ± 17.68 99 21.44 0.781 217.75 11.53 32.06 59.81 
Tetrachloroethene  84 0.74 ± 0.32 19 0.601 0.601 8.50 0.601 1.96 3.23 
Butylacetate 109 0.33 ± 0.28 35 0.201 0.201 21.23 0.201 0.52 0.98 
Ethylbenzene 109 1.08 ± 1.51 40 0.411 0.411 36.74 0.411 3.48 12.31 
m/p-xylene 116 54.10 ± 51.48 100 4.91 0.60 148.14 2.75 9.88 16.41 
Styrene 116 2.52 ± 2.83 97 3.10 0.191 179.08 1.20 4.67 8.72 
o-xylene 116 8.72 ± 8.62 99 8.79 0.421 237.97 4.63 16.28 26.43 
2-butoxyethanol 99 0.39 ± 0.17 19 0.321 0.321 1.59 0.321 0.321 0.88 
α-pinene 112 0.13 ± 0.14 41 0.061 0.061 17.91 0.061 0.22 0.61 
β-pinene 103 0.09 ± 0.05 30 0.061 0.061 0.90 0.061 0.14 0.20 
1,3,5-trimethylbenzene 116 0.72 ± 0.61 66 0.74 0.271 4.93 0.271 1.30 2.42 
n-decane 112 0.42 ± 0.28 43 0.251 0.251 8.50 0.251 0.73 1.03 
1,4-dichlorobenzene 112 1.61 ± 1.36 42 0.871 0.871 32.42 0.871 2.79 5.68 
Limonene 112 0.70 ± 0.87 100 0.60 0.12 125.58 0.30 1.36 3.47 
2-ethyl 1-hexanol 112 0.55 ± 0.57 50 0.241 0.241 25.38 0.241 1.02 2.37 
Naphthalene 115 1.40 ± 1.52 84 1.33 0.271 49.87 0.72 3.02 5.45 
n-hexadecane 114 0.41 ± 0.32 87 0.44 0.101 2.27 0.26 0.66 1.11 
Formaldehyde 88 5.64 ± 7.29 78 7.04 0.791 62.85 2.67 13.13 34.31 
2-propanone  115 4.06 ± 5.22 99 3.77 0.111 96.10 1.56 9.50 21.55 
Acetaldehyde 88 6.24 ± 5.79 72 6.28 1.951 46.77 1.951 13.55 22.74 
Methylisobutylketone 116 0.24 ± 0.33 55 0.19 0.081 60.09 0.081 0.36 2.11 
Benzaldehyde 104 1.61 ± 1.34 88 1.83 0.321 9.50 0.96 2.97 4.05 
Acetophenone 115 0.60 ± 0.43 53 0.64 0.311 5.04 0.311 0.95 1.82 
Nonanal 113 0.64 ± 0.51 69 0.75 0.231 5.07 0.231 1.21 1.71 
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Continue Table 2.4 
Compound N2 Mean ± SD 3 % >MDL Median Min Max 25th % 75th% 90th % 
Outdoor 
2-propanol 51 3.33 ± 4.66 92 3.88 0.201 46.25 1.25 7.95 22.69 
Isoprene  31 0.17 ± 0.09 19 0.131 0.131 0.66 0.131 0.131 0.57 
1,1,1-trichloroethane 75 0.16 ± 0.12 27 0.111 0.111 5.22 0.111 0.23 0.47 
Benzene 116 32.47 ± 35.51 97 38.65 0.851 730.09 17.04 72.08 101.73 
1-butanol 106 0.34 ± 0.32 84 0.35 0.071 3.41 0.22 0.56 1.11 
n-heptane 105 0.56 ± 0.42 46 0.301 0.301 4.26 0.301 0.95 1.65 
Trichloroethene  99 1.05 ± 0.76 41 0.611 0.611 8.59 0.611 1.98 3.19 
Toluene 114 17.17 ± 16.79 99 19.02 0.781 159.07 8.97 33.26 57.08 
Tetrachloroethene  87 1.06 ± 0.78 43 0.601 0.601 8.50 0.601 1.96 3.23 
Butylacetate 105 0.37 ± 0.29 45 0.201 0.201 7.15 0.201 0.64 1.08 
Ethylbenzene 109 0.93 ± 0.81 55 0.92 0.411 20.68 0.411 1.79 2.62 
m/p-xylene 116 50.87 ± 55.00 100 45.91 0.54 2015.99 2.80 8.72 14.18 
Styrene 114 4.00 ± 5.15 97 4.04 0.191 2763.86 1.87 9.11 16.15 
o-xylene 116 8.24 ± 8.90 100 9.02 0.95 3235.95 4.56 14.09 22.83 
2-butoxyethanol 78 0.45 ± 0.28 28 0.321 0.321 4.52 0.321 0.72 1.26 
α-pinene 108 0.11 ± 0.09 44 0.061 0.061 1.02 0.061 0.20 0.34 
β-pinene 90 0.10 ± 0.07 38 0.061 0.061 1.42 0.061 0.16 0.27 
1,3,5-trimethylbenzene 113 0.82 ± 0.74 70 0.81 0.271 7.06 0.271 1.51 2.57 
n-decane 111 0.50 ± 0.40 51 0.52 0.251 3.47 0.251 0.86 1.65 
1,4-dichlorobenzene 108 1.62 ± 1.35 46 0.871 0.871 12.49 0.871 2.80 4.68 
Limonene 100 0.50 ± 0.44 100 0.60 0.12 8.85 0.24 0.64 1.74 
2-ethyl 1-hexanol 116 0.48 ± 0.40 49 0.241 0.241 6.06 0.241 0.90 1.38 
Naphthalene 116 0.88 ± 0.89 72 0.87 0.271 82.64 0.271 1.50 3.69 
n-hexadecane 116 0.35 ± 0.30 79 0.38 0.101 3.75 0.21 0.67 1.06 
Formaldehyde 88 2.07 ± 2.48 44 0.791 0.791 55.34 0.791 6.36 11.30 
2-propanone  113 2.88 ± 3.81 97 3.25 0.111 99.00 0.96 6.53 16.92 
Acetaldehyde 88 6.27 ± 6.48 63 6.67 1.951 39.05 1.951 14.93 27.90 
Methylisobutylketone 96 0.20 ± 0.21 58 0.18 0.081 16.26 0.081 0.33 0.80 
Benzaldehyde 113 2.26 ± 1.96 94 2.37 0.321 12.83 1.31 4.40 6.19 
Acetophenone 111 0.83 ± 0.62 72 0.86 0.311 8.27 0.311 1.33 2.16 
Nonanal 111 0.51 ± 0.40 56 0.54 0.231 3.29 0.231 0.89 1.47 
1 Values below the method detection limit (MDL); 2 different number of samples were obtained due to non-detects and sampling problems; 3 Mean and SD 
(standard deviation) are geometric. 
                                                                                      CCC Indoor Air Quality & Ventilation Strategies 
 46
2.3.2 Effects of Ventilation Strategies 
2.3.2.1 Stratified CCC Characteristics  
The characteristics of the 104 CCCs stratified by the ventilation strategies are summarized in Table 2.5. 
The indoor air quality parameters of the 104 CCCs stratified by the ventilation strategies are summarized 
in Table 2.6. More than half the CCCs studied were naturally ventilated. 
 
2.3.2.2 Temperature, Relative Humidity, Air Velocity and Ventilation Parameters 
Figure 2.2 shows the boxplots of indoor and outdoor air temperatures. Mean air temperatures measured 
indoors were 29.5, 29.3, 23.7 and 26.5 0C for NV, HB, ACMV and AC CCCs respectively (Figure 2.2). 
ANOVA showed significant statistical differences (P < 0.05) for indoor temperature between ventilation 
strategies but not outdoor temperature (P > 0.10). Indoor temperatures were statistically similar for NV 
and HB CCCs, both being higher than ACMV and AC CCCs (P < 0.05). 
 
Figure 2.3 shows the boxplots of indoor and outdoor relative humidity levels. Mean relative humidity 
measured indoors were 75.4, 67.4, 51.2 and 59.3 %RH for NV, HB, ACMV and AC CCCs respectively. 
ANOVA showed significant statistical differences for indoor RH (P < 0.05) but not outdoor RH (P > 
0.10). Indoor relative humidity was the highest in NV CCCs and lowest for ACMV CCCs.  
 
Figure 2.4 shows the boxplots of indoor and outdoor air velocity levels. Mean air velocities measured 
indoors were 0.68, 0.58, 0.22 and 0.28 for NV, HB, ACMV and AC CCCs respectively. Kruskal-Wallis 
ANOVA test showed significant statistical differences for indoor air velocity (P < 0.05) but not outdoor 
levels (P > 0.10). Air velocities were significantly higher in NV CCCs (P < 0.05).  
 
Figure 2.5 shows the boxplots of AER and fresh air amounts. Kruskal-Wallis ANOVA tests revealed 
significant differences in all the ventilation parameters (P < 0.05). AER were lowest for ACMV and AC 
CCCs at 0.6 and 0.7 h-1 respectively, indicating inadequate ventilation associated with these strategies. 
These levels correspond to actual fresh air amounts of 1.0 and 1.6 Ls-1person-1 which were lower than the 
guideline values of 3.8 Ls-1person-1 recommended by the local building authority (BCD, 1983). In 
contrast, the AERs and fresh air amounts were adequate and high for NV and HB CCCs (4.7 and 4.2 h-1; 
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Table 2.5  Description of the 104 CCCs categorized by their ventilation strategies  








Mean floor area (m2) 267 ± 77 241 ± 113 248 ± 100 280 ± 152 
Mean age of CCC * 9.4 ± 5.9 8.3 ± 5.2 3.7 ± 2.5 6.1 ± 4.2 
Mean no. of children * 78 ± 26 59 ± 21 74 ± 36 93 ± 61 
Type of building* Void deck Landed property single 
houses / churches 
Office buildings Void deck 
Traffic density (%)¶ 53 48 100 63 
Dampness/Molds (%) 24 19 40 37 
PVC flooring (%) 20 24 60 47 
Mechanical fans (%)* 100 100 20 74 
Cooking activities (%) 100 100 80 100 
¶medium or heavy, * P < 0.05  
 
Table 2.6 Mean environmental and IAQ parameters measured for the CCCs grouped  


















¶Temperature (0C)  29.3 ± 2.1*a 29.5 ± 1.0*a 23.7 ± 1.4*b 26.5 ± 1.9*b 30.2 ± 2.4 30.8 ± 1.9 30.6 ± 3.1 30.0 ± 2.7 
¶Relative Humidity (%RH) 75.2 ± 7.7* 67.7 ± 9.8* 51.2 ± 14.8*a 60.6 ± 9.9*a 71.6 ± 11.6 65.8 ± 10.8 69.0 ± 14.4 72.3 ± 12.4 
§Air Velocity (ms-1)  0.5 ± 0.9*a 0.5 ± 0.8*a, b 0.3 ± 0.5*b, c 0.4 ± 0.7*b, c 0.5 ± 0.9 0.5 ± 0.8 0.4 ± 0.6 0.5 ± 0.8 
§AER (h-1)  4.8 ± 7.7*a 3.9 ± 6.6*a 0.6 ± 1.6*b 0.7 ± 1.2*b … … … … 
§Fresh Air Amounts (L s-1person-1)  16.4 ± 29.5* 8.6 ± 18.9* 1.0 ± 1.6*a 1.6 ± 2.0*a … … … … 
Indoor Air Quality 
¶Carbon Dioxide (ppm)  466 ± 72*a 538 ± 147*a, b 930 ± 175*b, c 1163± 575*c 380 ± 50 358 ± 41 377 ± 53 372 ± 51 
¶Carbon Monoxide (ppm)  1.0 ± 0.8 1.3 ± 0.7 0.7 ± 0.4 1.2 ± 1.0 0.8 ± 0.6*a 1.2 ± 0.8*b 1.5 ± 1.7*a, b 0.9 ± 0.7*a, b 
¶PM2.5 (μgm-3) 71.0 ± 32.5 66.8 ± 28.3 48.1 ± 18.1 71.5 ± 38.6 70.9 ± 33.6 67.8 ± 29.2 91.2 ± 44.6 80.5 ± 45.9 
¶Ozone (ppb)  36.8 ± 16.4*a 32.3 ± 14.8*a 12.1 ± 9.5*b 18.0 ± 12.4*b 45.9 ± 19.0 49.1 ± 22.3 40.3 ± 16.9 56.3 ± 30.0 
Human related 1172 ± 2269*a 1295 ± 2461*a,b 4112 ± 6990*b, c 4208 ± 8416*c 311 ± 684 354 ± 602 599 ± 1318 297 ± 624 §Viable Bacteria  
(CFUm-3)  Environmental 736 ± 1325 759 ± 1139 341 ± 642 593 ± 1067 663 ± 1260 743 ± 1189 705 ± 1340 769 ± 1384 
Mesophilic 820 ± 1312*a 489 ± 929*b 470 ± 987*a, b, c 677 ± 1151*a, b, c 828 ± 1325*a 493 ± 986*b 608 ± 1309*a, b, c 590 ± 1062*a, b, c §Viable Fungi  
(CFUm-3) Xerophilic 678 ± 1220 628 ± 1068 480 ± 816 501 ± 952 597 ± 1194 562 ± 1124 660 ± 1188 507 ± 811 
Means sharing the same letter are not significantly different (P < 0.05), ¶Arithmetic mean and standard deviation, §Geometric mean and geometric standard deviation,  
* P < 0.05  
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Figure 2.2 Air temperature classified under different ventilation strategies 














Figure 2.3 Relative humidity classified under different ventilation strategies 
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Figure 2.4 Air velocity classified under different ventilation strategies 















Figure 2.5 Ventilation parameters classified under different ventilation strategies 
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2.3.2.3 CO2, CO, PM2.5 and O3 
To facilitate discussion in subsequent sections, the pollutants studied were categorized as indoor, indoor + 
origin or outdoor origin. Among the 4 pollutants, CO2, CO and PM2.5 are of indoor + outdoor origin and 
O3, outdoor origin (see Discussion). To account for differences in the outdoor concentrations for these 
pollutants, indoor – outdoor ratios of concentrations (I/O) were then computed for normalization purposes 
and regression analyses performed.  
 
Figure 2.6 shows the boxplots of indoor and outdoor carbon dioxide concentrations. Mean indoor CO2 
concentrations were 466, 545, 930 and 1220 ppm for NV, HB, ACMV and AC CCCs respectively. The 
mean concentration of CO2 in AC CCCs exceeded local guideline of 1000 ppm (MOH, 1998). ANOVA 
revealed that the differences in indoor concentrations between groups of CCCs were significant (P < 
0.05). There was no corresponding difference for outdoor CO2 concentrations (P > 0.10).  
 
Figure 2.7 and 2.8 show the boxplots of indoor and outdoor carbon monoxide and PM2.5 concentrations. 
Mean indoor CO concentrations were 0.8, 0.4, 1.2 and 1.1 ppm for NV, HB, ACMV and AC CCCs 
respectively. For PM2.5, the mean indoor concentrations were 73.6, 61.6, 48.1 and 69.7 μgm-3 for NV, HB, 
ACMV and AC CCCs respectively. There was no difference in indoor concentrations among the groups 
for both CO and PM2.5 (P > 0.10). Differences in outdoor concentrations were noted for CO (P < 0.05) 
but not PM2.5 (P > 0.10).  
 
Figure 2.9 shows the boxplots of indoor and outdoor ozone concentrations. Ozone concentrations 
measured indoors were statistically different among different ventilation groups (P < 0.05). Ozone 
concentrations were low in ACMV and AC CCCs (12 and 16 ppb respectively) but elevated at NV and 
HB CCCs (37 and 32 ppb respectively). No difference in outdoor ozone concentrations among groups 
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Figure 2.6 Carbon dioxide concentrations under different ventilation strategies 
* - Arithmetic mean; Means sharing the same letter are not significantly different. 
 
Figure 2.7 Carbon monoxide concentrations under different ventilation strategies 
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Figure 2.8 PM2.5 concentrations under different ventilation strategies 
* - Arithmetic mean; Means sharing the same letter are not significantly different. 
 
Figure 2.9 Ozone concentrations under different ventilation strategies 
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Figure 2.10 shows the boxplots of indoor - outdoor (I/O) ratios of CO, PM2.5 and O3. Pollutants with both 
indoor and outdoor sources (CO and PM2.5) reveal differing patterns; for CO, there was no statistical 
difference (P > 0.10) in the I/O ratios while for PM2.5, the difference was evident (P < 0.05). Mean I/O 
ratios of CO were 1.5, 1.0, 1.1 and 1.2 for NV, HB, ACMV and AC CCCs respectively. Mean I/O ratios 
of PM2.5 were 1.0, 1.0, 0.6 and 0.9 for NV, HB, ACMV and AC CCCs respectively.  
 
The distribution for I/O ratios of O3 reveals differences across different ventilation strategies (P < 0.05). 
Mean I/O ratios of O3 were 0.8, 0.7, 0.3 and 0.3 for NV, HB, ACMV and AC CCCs respectively.  
 
Figure 2.10 CO, PM2.5 and O3 I/O ratios under different ventilation strategies 
* - Arithmetic mean; Means sharing the same letter are not significantly different. 
2.3.2.4 Bacteria and Fungi 
Figure 2.11 shows the boxplots of indoor and outdoor human related bacteria concentrations. Human 
related bacteria concentrations were elevated for all CCCs but were exceedingly high for those in ACMV 
and AC CCCs. Mean indoor human related bacteria concentrations were 1168, 1018, 4112 and 3022 
CFU/m3 for NV, HB, ACMV and AC CCCs respectively. The differences between ventilation groups 
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Figure 2.12 shows the boxplots of indoor and outdoor environmental bacteria concentrations. 
Environmental bacteria concentrations were elevated for all CCCs, following similar trends for human 
related bacteria in concentration levels across ventilation strategies. Mean indoor environmental bacteria 
concentrations were 1300, 2930, 5861 and 2913 CFU/m3 for NV, HB, ACMV and AC CCCs respectively. 
However, the differences between ventilation groups were not significant for indoor and outdoor 
concentrations (P > 0.10). 
 
Figures 2.13 and 2.14 show the boxplots of indoor and outdoor mesophilic and xerophilic fungi 
concentrations respectively. Mean indoor mesophilic fungi concentrations were 709, 694, 341 and 455 
CFU/m3 for NV, HB, ACMV and AC CCCs respectively. Mean indoor xerophilic fungi concentrations 
were 658, 489, 480 and 364 CFU/m3 for NV, HB, ACMV and AC CCCs respectively. Significant 
differences were noted for indoor concentrations of mesophilic (P < 0.05) but not xerophilic fungi (P > 
0.10).  Similarly, significant differences were observed for outdoor concentrations of mesophilic (P < 
0.05) but not xerophilic fungi (P > 0.10).   
 
Considering that fungi has both indoor and outdoor sources, the indoor concentrations of mesophilic and 
xerophilic were normalized with that of their respective outdoor concentrations. Figure 2.15 shows the 
boxplots of indoor and outdoor ratios of fungi concentrations. For CCCs with no dampness/mold, I/O 
ratios of mesophilic fungi computed from NV and HB CCCs were close to unity (Mean: 0.98 and 0.96 
respectively) while those with air-conditioning (ACMV and AC), were lesser (Mean: 0.15 and 0.77 
respectively). The difference was significant (P < 0.05). It is notable that the lowest I/O ratio is for 
ACMV CCCs. This trend across the ventilation strategies was similar for xerophilic fungi for CCCs with 
no dampness/mold. Mean I/O ratios were 1.01, 1.00, 0.67 and 0.68 for NV, HB, ACMV and AC CCCs 
respectively (P > 0.10). 
 
For CCCs with interior surface dampness/mold, the I/O ratios were consistently higher than normal CCCs 
regardless of ventilation strategies. Mean I/O ratios for mesophilic fungi were 1.08, 1.08, 1.58 and 1.39 
for NV, HB, ACMV and AC CCCs respectively. Mean I/O ratios for xerophilic fungi were 1.10, 3.07, 
1.22 and 1.28 for NV, HB, ACMV and AC CCCs respectively. It is notable that for CCC with surface 
dampness/molds the high I/O ratios for both mesophilic and xerophilic fungi were higher for ACMV and 
AC CCCs as compared to NV CCCs. No statistical differences for mesophilic and xerophilic fungi were 
found (P > 0.10). 
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Figure 2.11 Human-related bacteria concentrations for different ventilation strategies 














Figure 2.12 Environmental bacteria concentrations for different ventilation strategies 
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Figure 2.13 Mesophilic fungi concentrations for different ventilation strategies 














Figure 2.14 Xerophilic fungi concentrations for different ventilation strategies 
* - Geometric mean; Means sharing the same letter are not significantly different. 
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Figure 2.15 Indoor-Outdoor ratios of mesopilic and xerophilic fungi concentrations for CCCs with 













2.3.2.5 Volatile Organic Compounds and Carbonyls 
Table 2.7 summarizes the results of the factor analysis of the indoor concentrations considering 
compounds with at least 90% detects (24 compounds). Bartlett’s test showed that there was an overall 
correlation among different compounds (P<0.001). A scree plot of eigenvalues from PCA indicated the 
presence of a single dominant factor emerging from the data and suggested that 5 factors suffice to 
explain most of the variability in the data. The 5 factors explained up to 70.7% of the common variance. 
Both PCA and MLS revealed the same 5 factors where the dominant variables contained in the factors did 
not vary significantly. Results of the factor scores for each factor derived from PCA and MLS plotted 
against each other showed approximately 450 lines (i.e. slope = 1) indicating a close agreement between 
the 2 different methods. Factor scores resulting from two random subsets (divided from the original 
database; N1 = 61 and N2 = 62) analyses via PCA and MLS were consistent. In addition, analysis results 
suggested consistently that orthogonal (Varimax) and oblique (Promax) rotations did not differ 
significantly in either the rotated patterns or the loadings of each variable. Subsequently, the results from 
PCA analysis utilizing Varimax rotation is employed for further discussion. 
 
The first factor was loaded with aromatic compounds such as o-xylene, m/p-xylene, toluene, 1,3,5-
trimethylbenzene and naphthalene, and the straight chain butyl acetate. The literature on VOC emissions 
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Table 2.7 Factor analysis for indoor concentrations of VOCs and carbonyls using PCA and MLS 
PCA MLS 
Factor pattern*, ¿,   Factor pattern*, ¿,   
Compounds 
1-BM 2-AF/CP 3-TE/IN 4-WBP 5-PWM
±h2 
1-BM 2-AF/CP 3-TE/IN 4-WBP 5-PWM
o-xylene 0.86 -0.01 0.28 0.17 0.13 0.65 0.93 0.12 0.26 0.15 0.10 
m/p-xylene 0.82 0.08 0.28 0.25 0.12 0.81 0.85 0.20 0.26 0.25 0.12 
Toluene 0.81 0.30 0.19 0.06 -0.08 0.82 0.60 0.41 0.32 0.08 0.21 
1,3,5-trimethylbenzene 0.79 0.24 0.21 0.29 -0.06 0.69 0.58 0.34 0.32 0.29 0.20 
Naphthalene 0.52 0.42 0.26 0.03 0.21 0.76 0.39 0.47 0.27 0.07 0.16 
Butyl acetate 0.51 0.18 0.37 0.09 -0.46 0.80 0.31 0.07 0.35 0.18 -0.30 
α-pinene 0.15 0.87 -0.04 0.14 0.00 0.65 0.02 0.80 0.03 0.19 0.22 
Limonene 0.14 0.78 0.04 0.00 -0.07 0.72 -0.02 0.65 0.11 0.12 0.17 
2-ethyl hexanol 0.38 0.66 0.29 0.05 0.21 0.84 0.28 0.71 0.36 0.06 0.04 
2-propanone 0.23 0.62 0.32 0.30 -0.15 0.81 0.07 0.55 0.37 0.31 0.29 
1-butanol 0.44 0.61 0.31 -0.05 0.39 0.87 0.37 0.74 0.38 -0.08 -0.07 
1,4-dichlorobenzene -0.09 0.61 0.03 0.51 -0.20 0.80 -0.20 0.49 0.12 0.49 0.09 
Nonanal 0.00 0.55 0.22 0.24 0.24 0.83 0.14 0.46 0.09 0.26 0.02 
n-heptane 0.52 0.55 -0.04 0.34 0.07 0.81 0.38 0.61 0.07 0.33 0.09 
Benzene 0.19 0.10 0.82 0.30 -0.06 0.67 0.15 0.04 0.82 0.34 0.08 
Benzaldehyde 0.32 0.11 0.81 0.24 -0.04 0.63 0.27 0.07 0.81 0.27 0.12 
Styrene 0.46 0.16 0.73 0.18 -0.03 0.71 0.36 0.15 0.76 0.22 0.11 
n-hexadecane 0.33 0.49 0.54 -0.15 0.01 0.72 0.18 0.44 0.51 -0.02 0.20 
n-decane 0.28 0.25 0.05 0.77 0.11 0.47 0.19 0.31 0.11 0.68 -0.02 
Ethylbenzene 0.21 -0.01 0.35 0.74 -0.06 0.56 0.24 -0.02 0.28 0.68 0.04 
Acetophenone 0.16 0.19 0.51 0.63 0.03 0.67 0.17 0.14 0.43 0.62 0.12 
Acetaldehyde 0.17 0.15 -0.02 -0.03 0.68 0.40 0.16 0.27 -0.01 -0.05 0.41 
Formaldehyde 0.31 0.34 -0.33 0.07 0.50 0.75 0.13 0.40 -0.11 0.03 0.40 
Methylisobutylketone 0.47 0.41 0.11 -0.15 -0.58 0.51 0.20 0.27 0.10 -0.04 -0.44 
* Contribution of source (factor) made to the variance of the compounds; ±h2: communality estimates for each compound explained by the sources (factor) by PCA; ¿Variables that 
were considered significant are in bold and included as components of the sources (factors) identified;  BM: Building materials; AF/CP: Air fresheners/Cleaning products; TE/IN: 
traffic emissions; WBP: Water-based paints; PWM: Pressed-wood materials.; Cumulative proportion of variance explained from the PCA as follows: BM, 0.2047; AF/CP, 0.3961; 
TE/IN, 0.5396; WBP, 0.6439; PWM, 0.7072. Rotation converged in 10 and 9 iterations for PCA and MLS respectively. 
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adhesives and finish, furniture coatings and laminates (Weschler & Shields, 1992; Salthammer 1997; 
Hodgson et al. 2000; Sekhar et al. 2001). The second factor, with high loadings of α-pinene, limonene, 2- 
ethyl hexanol, acetone, 1-butanol, 1,4-dichlorobenzene, nonanal and n-heptane represents the emissions 
of air fresheners and cleaning products use (AF/CP). Terpenes such as limonene and α-pinene is used in 
air fresheners and as an odorant and active ingredient in cleaning products (Wolkoff et al., 1998; Nazaroff 
& Weschler, 2004). 2-ethyl-1-hexanol can be produced by hydrolysis of 2-diethylhexyl phthalate in PVC 
floorings during wet cleaning. When CO2 were included in the factor analysis, it was also loaded into this 
factor. Thus, this factor appears to be occupant-related.  
 
The third factor is loaded with compounds associated with traffic emissions (TE) such as benzene, 
benzaldehyde, styrene, n-hexadecane, n-decane, ethylbenzene and acetophenone. Results were consistent 
with the findings of PC analysis of VOC concentrations in the California study (Ten Brinke et al., 1988) 
and source apportionment analysis of the New Jersey and California TEAM studies (Anderson et al., 
2002) documenting high loadings aromatics, in particular benzene. While these compounds are also 
traditionally associated with environmental tobacco smoke, ETS (Heavner et al., 1996; Zuraimi et al., 
2006), the CCCs sampled indoors in this study is ETS-free. Furthermore, when factor analysis included 
air exchange rates, it was also significantly loaded into this factor. However, these compounds are not 
exclusively of outdoor origin and can also be emitted from more than 200 indoor sources and human 
related activities (Nuchia, 1986; Wallace, 2000; Sax et al., 2004). Hence, this factor has both dominant 
indoor and outdoor sources and correspondingly designated as TE/IN. 
 
The fourth factor, with high loadings of n-decane, ethylbenzene, acetophenone and 1,4-dichlorobenzene 
possibly is indicative of water based paints source (WBP). When compounds with less than 90% detects 
were included in the factor analysis, 2-butoxy ethanol, isopropanol and 1,1,1-trichloroethane also loaded 
into this factor. Results were consistent with a PC analysis of VOC concentrations in the California study 
(Ten Brinke et al., 1988) showing high correlation between isopropanol and 2-butoxy ethanol. 1,4-
dichlorobenzene (a predominant VOC in mothballs and toilet bowl cakes) which can also be found in 
water based paints (RAIS, 2006) featured in this factor.  
 
Formaldehyde and acetaldehyde are the highly loaded compounds in the fifth factor - they can be released 
from many pressed-wood materials (PWM) (Kelly et al., 1999; Brown, 1999; Brown, 2002; Hodgson et 
al., 2004). The strong negative correlation of methylisobutylketone and butyl acetate with PWM indicates 
that the sources formaldehyde and acetaldehyde are different and not related to furniture coatings 
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(Salthammer, 1997). A possible source of PWM in CCCs are the shelves and tables which covers a large 
area in the indoors. 
 
Figure 2.16 illustrates the effect of different ventilation strategies on the factor scores derived from the 
PCA analyses. Statistically significant differences were found for sources associated with BM and AF/CP 
(P <0.05). High response for these two groups of sources appear to be from ACMV and AC CCCs while 
low response to be from NV and HB CCCs. The mean (median) factor scores for BM were 0.3 (0.5) and 
0.6 (0.7) and for AF/CP, 1.1 (1.0) and 1.1 (1.1) for ACMV and AC CCCs respectively. Corresponding 
scores were below 0 for NV and HB CCCs for these two source groups. Mean (median) scores for BM 
were - 0.1 (-0.1) and -0.6 (-0.4) and for AF/CP, -0.5 (-0.5) and -0.03 (-0.2) for NV and HB CCCs 
respectively. 
 
















For the indoor sources associated with WBP and PWM, the responses were similarly lower than 0 for 
both NV and HB CCCs. The mean (median) factor scores for WBP were -0.03 (-0.1) and -0.4 (-0.6) and 
for PWM, -0.1 (-0.2) and -0.2 (-0.1) for NV and HB CCCs respectively. Factor scores associated with 
WBP and PWM were higher in ACMV and AC CCCs. The mean (median) factor scores for WBP were 
0.4 (0.6) and 0.3 (0.4) and for PWM, 0.3 (0.2) and 0.1 (0.3) for ACMV and AC CCCs respectively. No 
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were negative in WBP and PWM, thus the effects of high response due to important compounds may be 
masked by the low response from these compounds with negative loadings. No statistically significant 
difference was observed for the sole outdoor source factor, TE/IN. This is due to the presence of co-
occurring dominant indoor and outdoor sources associated with these VOCs. The mean (median) factor 
scores for TE/IN were 0.1 (0.1), 0.1 (0.1), -0.01 (-0.1) and -0.1 (-0.3) for NV, HB, ACMV and AC CCCs 
respectively. 
 
The effect of the 4 ventilation strategies of CCCs on indoor VOCs and carbonyls was analyzed by 
examining the factor scores, summary statistics (Table 2.9 - the indoor and outdoor concentrations) and 
ratios between indoor and outdoor concentrations. The compounds were arranged by the expected 
dominant source as suggested by the indoor levels factor analysis. The indoor levels of most compounds 
were significantly different for the four ventilation strategies (Table 2.8). These were the xylene isomers, 
toluene, 1,3,5-trimethylbenzene, naphthalene from the BM source group, α-pinene, limonene, 2-ethyl 
hexanol, 2-propanone, 1-butanol, 1,4-dichlorobenzene, nonanal, heptane from the AF/CP source group, 
decane, 1,1,1-trichloroethane from the WBP source group, acetaldehyde, β-pinene and formaldehyde. For 
these compounds, the levels appear to be higher in air-conditioned CCCs (ACMV or AC) when compared 
to NV and HB CCCs. No statistically significant differences (P > 0.05) were found for butyl acetate, 
ethylbenzene, 2-propanol, 2-butoxy ethanol, methylisobutylketone, isoprene, trichloroethene, 
tetrachloroethene and all the compounds from the TE/IN source group. No statistically significant 
differences (P > 0.05) were found for outdoor concentrations of compounds between the 4 ventilation 
strategies. 
 
Figure 2.17 illustrates the indoor-outdoor (I/O) ratios of compounds grouped according to their sources 
under the 4 ventilation strategies. For sources relating to BM and AF/CP, the I/O ratios of the compounds 
in NV and HB CCCs were close to 1. Exceptions include naphthalene (I/O ~ 2.0), acetone (I/O ~ 2.2), 1-
butanol (I/O ~ 1.8) and nonanal (I/O ~ 1.6).  I/O ratios were significantly higher in ACMV and AC CCCs 
even for naphthalene, acetone, 1-butanol and nonanal. However, there was no statistically significant 
difference (P > 0.05) for butyl acetate. For sources relating to WBP and PWM, the I/O ratios of the 
compounds with at least 90% detects in NV and HB CCCs were close to 1 with some compounds 
exhibiting median I/O ratios as low as 0.4. Their corresponding I/O levels in ACMV and AC CCCs were 
higher, although statistical significance can only be found for 1,4-dichlorobenzene, 2-propanol, 
acetaldehyde and formaldehyde. With the exception of hexadecane, there was no statistically significant 
difference for compounds associated with TE/IN source. This could reflect the presence of other indoor 
sources emitting these compounds. 
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Table 2.8 Concentrations of VOCs and carbonyls in CCCs with different ventilation strategies  
Indoor Outdoor 
NV HB ACMV AC NV HB ACMV AC Compounds2 
Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med 
BM 
o-xylene1 8.4 (7.3) 8.1 5.2 (4.9) 4.8 10.5 (19.6) 16.8 13.2 (12.3) 13.7 9.0 (10.2) 9.2 5.9 (5.1) 7.0 17.2 (22.1) 14 8.0 (8.3) 9.1 
m/p-xylene1 5.2 (4.6) 5.0 3.1 (2.6) 2.9 9.2 (10.5) 10.4 8.2 (7.7) 8.5 5.5 (6.3) 5.7 3.7 (3.1) 4.2 10.6 (13.7) 8.7 4.9 (5.2) 5.6 
Toluene1 17.4 (13.9) 18.1 12.7 (9.0) 13.7 54.8 (50.9) 37.2 26.9 (27.0) 29.8 18.4 (17.7) 22.1 12.8 (11.3) 16.7 40.7 (36.7) 36.4 16.7 (17.6) 18.6 
1,3,5-trimethylbenzene1 0.6 (0.5) 0.7 0.5 (0.4) 0.6 1.5 (1.1) 1.2 1.1 (0.9) 1.2 0.8 (0.8) 0.9 0.7 (0.5) 0.8 1.3 (1.7) 1.4 0.9 (0.8) 0.9 
Naphthalene1 1.0 (1.0) 0.9 1.0 (0.8) 1.2 2.7 (1.7) 3.3 3.0 (3.3) 2.9 0.9 (0.9) 1.0 0.7 (0.5) 0.7 1.0 (1.5) 0.8 1.0 (1.2) 0.8 
Butyl acetate 0.3 (0.2) 0.2 0.4 (0.3) 0.2 0.5 (0.6) 0.5 0.4 (0.4) 0.2 0.4 (0.3) 0.2 0.3 (0.2) 0.2 0.4 (0.3) 0.4 0.4 (0.3) 0.2 
AF/CP  
α-pinene1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.2 (0.2) 0.2 0.3 (0.4) 0.2 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 
Limonene1 0.4 (0.4) 0.4 0.7 (0.6) 0.6 1.8 (2.6) 1.3 1.5 (2.2) 1.4 0.5 (0.4) 0.6 0.5 (0.4) 0.6 0.4 (0.3) 0.4 0.5 (0.6) 0.6 
2-ethyl 1-hexanol1 0.4 (0.3) 0.2 0.4 (0.2) 0.2 1.1 (0.5) 1.1 1.2 (1.5) 1.1 0.5 (0.4) 0.2 0.5 (0.3) 0.4 0.5 (0.4) 0.4 0.5 (0.5) 0.4 
2-propanone1 2.4 (2.5) 3.2 3.6 (4.3) 3.3 25.5 (16.2) 21 9.4 (12.7) 14.4 2.9 (3.9) 3.6 1.9 (2.0) 1.8 7.0 (3.9) 6.9 3.3 (5.1) 3.8 
1-butanol1 0.4 (0.4) 0.4 0.3 (0.2) 0.4 3.0 (5.4) 1.9 1.5 (2.1) 4.5 0.3 (0.3) 0.3 0.3 (0.2) 0.3 0.6 (0.6) 0.4 0.4 (0.4) 0.4 
1,4-dichlorobenzene1 1.4 (1.0) 0.9 1.5 (1.2) 0.9 2.2 (1..3) 2.8 2.3 (2.1) 2.3 1.7 (1.3) 1.8 1.6 (1.1) 0.9 1.3 (1.1) 0.9 1.6 (1.3) 0.9 
Nonanal1 0.5 (0.4) 0.6 0.6 (0.5) 0.6 0.8 (0.3) 0.8 1.0 (0.8) 1.2 0.5 (0.4) 0.6 0.5 (0.4) 0.6 0.4 (0.3) 0.4 0.5 (0.4) 0.2 
n-heptane1 0.4 (0.2) 0.3 0.4 (0.2) 0.3 1.0 (0.9) 1.2 0.8 (0.7) 0.7 0.6 (0.4) 0.3 0.5 (0.4) 0.3 0.6 (0.5) 0.6 0.6 (0.5) 0.5 
TE/IN 
Benzene 25.4 (23.7) 32.7 17.5 (22.3) 30.5 24.2 (30.1) 28.4 17.9 (15.0) 21.2 36.5 (42.3) 42.8 24.6 (19.0) 25.1 43.0 (23.5) 42.5 31.9 (37.5) 40.8 
Benzaldehyde 1.8 (1.3) 2.0 1.1 (0.9) 1.1 2.5 (1.4) 2.7 1.7 (1.6) 1.7 2.5 (2.1) 2.7 1.9 (1.1) 1.8 3.4 (2.7) 3.5 2.2 (2.3) 2.5 
Styrene 2.5 (2.9) 3.3 2.1 (2.1) 1.8 4.5 (2.6) 5.2 2.7 (3.2) 3.3 4.4 (6.2) 4.2 3.1 (2.9) 3.0 5.4 (5.4) 6.8 4.0 (5.1) 4.6 
Acetophenone 0.6 (0.5) 0.6 0.5 (0.3) 0.3 0.6 (0.3) 0.7 0.6 (0.4) 0.7 0.8 (0.7) 0.8 0.9 (0.5) 0.9 1.0 (1.0) 0.9 0.8 (0.6) 0.8 
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Continue Table 2.8 
Indoor Outdoor 
NV HB ACMV AC NV HB ACMV AC Compounds2 
Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med Mean (SD) Med 
WBP 
n-decane1 0.4 (0.3) 0.3 0.3 (0.2) 0.3 0.6 (0.3) 0.6 0.5 (0.3) 0.5 0.5 (0.4) 0.5 0.5 (0.3) 0.5 0.5 (0.6) 0.3 0.5 (0.5) 0.6 
Ethylbenzene 1.0 (1.4) 0.4 0.9 (1.0) 0.4 1.1 (2.3) 0.4 1.6 (2.4) 1.1 1.0 (0.8) 0.9 0.8 (0.6) 0.9 1.0 (1.0) 1.3 1.0 (1.1) 1.0 
2-propanol 2.2 (2.7) 2.2 1.8 (2.5) 1.3 17.6 (2.9) 17.7 8.0 (13.5) 5.6 4.2 (5.5) 3.9 2.1 (2.8) 3.4 3.1 (3.6) 3.5 5.2 (7.6) 5.8 
1,1,1-trichloroethane1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.2 (0.1) 0.1 0.1 (0.0) 0.1 0.3 (0.6) 0.1 0.2 (0.1) 0.1 
2-butoxyethanol 0.4 (0.2) 0.3 0.4 (0.2) 0.3 0.5 (0.3) 0.6 0.5 (0.3) 0.3 0.5 (0.3) 0.3 0.4 (0.2) 0.3 0.5 (0.4) 0.3 0.5 (0.4) 0.3 
PWM 
Formaldehyde1 5.2 (6.5) 6.0 3.0 (3.9) 3.5 10.8 (12.2) 5.6 11.5 (13.6) 9.8 2.3 (3.0) 0.8 1.8 (2.2) 0.8 2.0 (2.5) 0.8 1.6 (1.6) 0.8 
Acetaldehyde1 5.7 (5.5) 6.4 6.0 (5.0) 5.2 14.4 (11.9) 16.6 6.9 (6.2) 6.4 6.9 (6.8) 5.8 7.5 (8.3) 7.8 6.2 (7.3) 5.5 8.5 (9.0) 8.9 
Others 
Methylisobutylketone 0.2 (0.2) 0.1 0.2 (0.3) 0.1 0.4 (0.6) 0.2 0.5 (0.9) 0.3 0.2 (0.2) 0.2 0.1 (0.1) 0.1 0.2 (0.3) 0.1 0.2 (0.3) 0.2 
Isoprene 0.2 (0.1) 0.1 0.2 (0.1) 0.1 0.1 (0.1) 0.1 0.2 (0.1) 0.1 0.2 (0.2) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.2 (0.1) 0.1 
Trichloroethene 0.7 (0.3) 0.6 0.8 (0.4) 0.6 0.8 (0.4) 0.6 0.8 (0.4) 0.6 1.1 (1.1) 0.6 1.0 (0.7) 0.6 0.9 (0.8) 0.6 1.1 (0.8) 0.6 
Tetrachloroethene 0.7 (0.3) 0.6 0.8 (0.8) 0.6 1.0 (0.6) 1.1 0.8 (0.4) 0.6 1.1 (0.8) 0.6 0.9 (0.5) 0.6 1.3 (1.1) 1.4 1.0 (0.8) 0.6 
β-pinene1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 0.1 (0.1) 0.1 
1 Significant difference in indoor concentrations, 2 Mean and standard deviation are geometric.  
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Figure 2.17a Indoor-outdoor (I/O) ratios of compounds associated to BM factor. 















Figure 2.17b Indoor-outdoor (I/O) ratios of compounds associated to AF/CP factor. 














                                                                                      CCC Indoor Air Quality & Ventilation Strategies 
 65
Figure 2.17c Indoor-outdoor (I/O) ratios of compounds associated to TE/IN factor. 














Figure 2.17d Indoor-outdoor (I/O) ratios of compounds associated to WBP factor. 
* one star indicate P <0.05, two stars indicate P < 0.01 and three stars indicate P < 0.001. 
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Figure 2.17e Indoor-outdoor (I/O) ratios of compounds associated to PWM factor and others. 





















2.4.1 Baseline Data  
Table 2.9 shows the comparison of some of the results obtained from this study with those that have been 
performed elsewhere. Mean indoor temperature and relative humidity measured in this study were higher 
in comparison with those performed in the cold countries. In those studies, it have been reported that their 
outdoor temperature and relative humidity levels were lower than the corresponding indoor levels. 
Ruotsalainen et al (1993) have reported that the indoor temperature rose as soon as the children were in 
the room while the outdoor relative humidity was the main factor influencing indoor air. In Singapore 
CCCs, the observation reveals that the outdoor temperature and relative humidity levels were generally 
higher than indoors. 
 
It is evident that AER measured in Singapore CCCs are generally higher (arithmetric mean: 4.1 h-1) and 
have a broader range than those performed elsewhere. While the study on 10 Danish CCCs by Pejtersen et 
al (1993) revealed that the ventilation parameters measured were slightly lower to the findings of this 
study, still the ranges of these ventilation parameters were not equivalently wide. This is due to the 
diverse ventilation strategies adopted by CCCs in Singapore, in particular, the high prevalence of CCCs 
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adopting HB and NV ventilation strategies which have high AER with wide ranges (Tables 2.6 and 2.7; 
Figure 2.5). In addition, indoor CO2 and formaldehyde levels recorded in Singapore CCCs were in 
general lower than those studied in other countries. Mean indoor CO2 level is the lowest at 710 ppm 
compared with values ranging from 810 to 1500 ppm for studies performed in Canada and the Nordic 
countries. In Singapore CCCs, the formaldehyde levels were the lowest when compared to other studies. 
Indeed, these are evidence of higher ventilation rates of Singapore CCCs vis-á-vis other CCCs in the cold 
countries. 
 
The indoor sources could be attributable to the children and staffs for CO2 (Ruotsalainen et al., 1993; 
Lundqvist et al., 1982), cooking activities for CO (Alm et al., 1994) and cooking and occupant activities 
for PM2.5 (Abt et al., 2000; Wallace et al., 2003; He et al., 2004).  Outdoor sources of these pollutants 
were the ubiquitous background levels of CO2 (naturally occurring) and O3 (photochemically formed) and 
traffic combustion sources for CO and PM2.5 (Alm et al., 1994; Wallace et al., 2003). For human related 
bacteria, the indoor sources could be due to the children and staffs. For environmental bacteria, possible 
indoor sources could be due the children and staffs and/or their activities and surface microbial growth 
(Tsai & Macher, 2005) while outdoor sources could be from the soil, plants and water reservoirs such as 
fountains and cooling towers of buildings (Muilenberg, 1995).  
 
Both mesophilic and xerophilic fungi have outdoor contributions to the indoor levels. Burge (1995; 2002) 
has summarized this information documenting year-round prevalence in the temperate atmospheres while 
Lim et al (1998) and Ong (2004) have documented the same for local airspora in the tropics. Indeed, 
studies reporting fungi levels in indoor environments showed that in the absence of dampness or mold, 
the levels follow that of the outdoors (Shelton et al, 2002; Burge, 2002). Fungi that can be potentially 
generated from sources within the indoors include baking, resuspension, cleaning and general activities 
(Lehtonen et al, 1993; Levy et al., 1999; Burge, 2002). An important indoor source however is the 
presence of surface dampness or mold which can grow on surfaces easily in the tropics (Lim et al., 1989). 
Regressing the indoor and outdoor fungi concentrations and then stratifying the regression analyses into 
CCCs with dampness/molds and those without, we can obtain the indoor source contributions by the y-
intercept. The magnitude of the indoor sources for both mesophilic and xerophilic fungi is given in Figure 
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The factor analysis results for the VOCs and carbonyls revealed that all the compounds have significant 
indoor sources. This is not surprising considering most of the building products, occupants and their 
activities and ventilation systems have been reported to be potential sources of these compounds in 
tropical office buildings (Zuraimi et al., 2004). Indeed, some of the sources present in the office buildings 
could similarly be present in the CCCs (e.g. building materials, painted walls). Outdoor source of these 
compounds as shown from the factor analysis is mainly from the traffic.   
 
2.4.2 Effect of Ventilation Strategies  
This study shows that AERs, temperature and humidity levels in NV and HB CCCs are higher than those 
in ACMV and AC CCCs. In hot tropical Singapore, a significant number of CCCs are naturally ventilated 
despite the high outdoor temperatures (Table 2.5). The high indoor temperature and relative humidity 
levels in NV and HB CCCs are consequences of the outdoor conditions. Additionally, the levels were 
consistently higher than in ACMV and AC CCCs where the lower temperature and relative humidity in 
these centers were due to the cooling and dehumidifying effects of the air-conditioning. Indeed, the 
facilitation of outdoor air ingress through open windows, the air movement caused by the indoor 
mechanical fans and ventilation extracts to remove the heat from the space in NV CCCs are features 
designed for the thermal comfort of the occupants. The thermal conditions within these non air-
conditioned environments are satisfactory for tropically acclimatized occupants as shown by a previous 
study on thermal sensation and acceptance experienced by tropically acclimatized subjects in naturally 
ventilated premises (Wong et al., 2002). The high RH levels in NV CCCs indicate that the high AER has 
not been effective in removing the indoor generated moisture mainly attributable to the occupants. 
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Air exchange rates 
(h-1) 




Country  Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 
Ruotsalainen et al (1993) Finland 30 22.2 19-26 31 7-66 15 2-38 1.5 0.1-4.1 3.8 0.2-8.8 810 400-2500 
Skaret and Nordvik (1998) Norway 50 … 20-28 … 18-41 … … … … … … … 700-2740 
THF (1987) Norway 50 … … … … … … … … … … 1500 400-3000 
Svedrup et al (1990) Sweden 71 … … … … … … 1.3 … … … … … 
Pejtersen et al (1993) Denmark 10 … … … … … … 2.4 0.3-4.1 6.9 3.6-11.8 1400 900-2600 
Lundqvist et al (1982) Denmark 1 … 20-23 … … … … … 0.2-0.4 … 7.4-13.0 … 350-3500 
Olsen and Dossing (1982) Denmark 7/33 21/21 20-24 54/51 43-65 430/8 5-550 0.4/0.8 0.3-1.1 … … … … 
Koskinen et al (1995) Finland 2 20.52 … 38 … 102 … … … … … … … 
Daneault et al (1993) Canada 91 … 20-241 … … … … … … … … 1500 900-2400 
This study (2007) Singapore 104 28.3 22-32 69 26-93 6 1-63 4.1 4 0.1-17.6 6.6 0.1-82.1 710 360-3300 
1 92% of the 91 CCCs studied; 2 Mean values of problem and reference CCC measured in fall and winter seasons; 3 Mobile CCCs (N = 7) / permanent CCCs (N = 3); 
4Arithmetic mean (AM) was used for comparison since other studies also utilized AM. 
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Air-conditioned centers have significantly lower air exchange rates when compared to naturally ventilated 
centers. The high ventilation rates in NV CCCs lowered the concentrations of pollutants of indoor origin 
such as CO2, human related bacteria and BM, AF/CP and PWM associated chemical compounds 
concentrations. The fresh air amount for NV CCCs determined in this study was 16.4 L.s-1.person-1 while 
for AC and ACMV CCCs the ventilation rate were 1.0 and 1.6 L.s-1.person-1 respectively. Consequently, 
this result in high levels of indoor generated pollutants such as CO2, human related bacteria and BM, 
AF/CP and PWM associated chemical compounds in AC and ACMV CCCs. This highlights the 
ventilation inadequacies in diluting the pollutant generated by the children and from other sources indoors. 
 
In NV and HB CCCs, this study showed that the high air exchange rates attributable to the untreated 
outdoor air can facilitate the penetration of outdoor pollutants. In this study indoor PM2.5 and ozone 
concentrations in centers with NV and HB strategies were significantly higher than those in ACMV and 
AC CCCs. In addition, PCA analyses showed that the mean and median factor scores of VOCs and 
carbonyls that are associated with traffic emissions (TE) were marginally lower in ACMV and AC CCCs 
when compared with NV and HB CCCs. Elsewhere, a study on two adjacent urban area office buildings, 
one naturally ventilated and the other air-conditioned, concentration levels of outdoor related sulphur 
dioxide, nitrogen oxides, carbon monoxide and carbon dioxide were generally higher in the naturally 
ventilated building than in the air-conditioned one (Kukadia & Palmer, 1998). In a Hong Kong study, 
lower I/O ratios of PM2.5 were observed for mechanically ventilated offices, with higher ratios for 
naturally ventilated residences (Ho et al., 2004). These findings in office buildings and residences are 
coherent with the results of the ease of outdoor pollutants ingress into NV and HB CCCs relative to AC 
and ACMV CCCs in this study.  
 
The penetration efficiency of outdoor pollutants has been shown to increase with increasing AER. For 
example, penetration efficiencies of PM2.5 measured in Boston homes increases as AERs increase up to 
approximately two air changes per hour (Long et al., 2001). In addition, estimates of penetration 
efficiencies for PM2.5 were higher in the summertime than in the wintertime given that windows and 
doors were predominantly open more in summer than winter (summer mean = 1.11 versus winter  mean = 
0.54). Therefore, it can be expected that penetration efficiencies for PM2.5 to be greater in the better 
ventilated NV and HB CCCs for this study resulting from the higher AERs. No similar studies on 
penetration efficiencies for ozone in relation to AER were found in the literature while experimentally 
determined penetration efficiencies for VOCs and carbonyls was not available in the literature. Lewis and 
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Zweidinger (1992) suggested that their paired indoor–outdoor relationship data were consistent with the 
assumption of penetration efficiency of one for VOCs and carbonyls. 
 
Can differences in other removal processes of outdoor PM2.5 and ozone partially explain the disparity in 
levels for CCCs of different ventilation strategies? The low levels of indoor PM2.5 and ozone in ACMV 
and AC CCCs could partially be due to differences in filtration. For both ACMV and AC CCCs, filters 
are installed in the ventilation systems and air-conditioning units respectively. Although not measured in 
this study, removal efficiencies of fine particles have been reported to be an average of 75% for different 
types of filters in ventilation systems (Fisk 2000; Hanley et al. 1994). In air-conditioning units, filters 
used are of similar types as the furnace filters which have about on average 30% fine particles removal 
efficiency (Fisk 2000; Hanley et al. 1994). Ozone has been reported to be removed appreciably by filters 
(Beko et al., 2006; Hyttinen et al. 2003). Beko et al. (2006) reported that ozone removal of 5–10% while 
Hytinen et al (2003) also reported removal efficiencies between 4 to 10%. Thus, filtration may reduce 
their concentration levels to a certain extent; however, the effects may not be as comparable as ventilation.  
 
Since ozone is highly reactive (Cano-Ruiz et al., 1993; Weschler, 2000), there is evidence to suggest that 
lower I/O ratios in AC and ACMV CCCs may have resulted from indoor reactions via homogeneous 
pathway. Consider the concentration levels of limonene in AC and ACMV CCCs and those in NV and 
HB CCCs (Table 2.8) and the rate reaction constant of ozone-limonene reaction at 0.01850 ppb-1.h-1 
(Atkinson et al., 1990). The calculated removal rates of ozone via indoor homogeneous chemistry are 
0.007, 0.012, 0.033 and 0.028 h-1 for NV, HB, ACMV and AC CCCs respectively. This evidence show 
that removal rates via homogeneous indoor chemistry is very small in ACMV and AC CCCs compared to 
ventilation.  
 
The ratio between indoor and outdoor concentrations (I/O) of pollutants offers an indication of the extent 
to which the pollutants found indoors are dominated by indoor generation. It is expected that in the 
absence of indoor sources, the I/O ratios will be less than or equal to 1 (Jones et al., 2000) and the ratios 
should be greater than unity in the presence of strong indoor sources (Zuraimi et al., 2003). As has been 
shown from the above, fungi have both indoor and outdoor sources (Burge, 2002; Nevalainen & Seuri, 
2005) and it is important to discriminate their origin.  Figure 2.15 revealed that for centers without 
dampness/mold, the ratios followed similar trend for PM2.5 and ozone (Figure 2.10). Indeed, similar 
mechanisms for low PM2.5 concentrations could explain the lower levels of indoor fungi in ACMV and 
AC CCCs (Burge et al., 2000; Kemp et al., 2003). Fungi I/O ratios were low in ACMV and AC CCCs and 
is attributed to the better filtration of the outdoor air by the ACMV system and air-conditioning units, the 
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lower ventilation and penetration efficiencies (see above). In contrast, CCCs with dampness/mold for all 
types of ventilation systems have I/O ratios larger than unity indicating the strength of indoor sources.  
 
2.4.3 Strengths, Limitations and Considerations 
This study presented in detail a cross-sectional investigation into the baseline data of IAQ in large number 
and representative CCCs in Singapore. The IAQ measurements were performed in a random sample of 
104 CCCs in Singapore. Thus, the results are unbiased estimates of the population. Due to this and the 
relative homogeneity of the CCCs spread across the island (Figure 2.1), the results can be generalized for 
the whole country. In keeping with the above, the number of ACMV CCCs sampled is small (N=5) 
relative to other ventilation types, reflecting the limited number of ACMV CCCs in the population 
database. It can be argued that this may account for the apparent inconsistencies between the distributions 
of pollutants and the results of significance tests. However, post hoc analyses revealed that even for a 
small sample, the differences were significant at the 5% level suggesting that increasing the sample 
numbers would further attenuate the differences. 
 
Many different types of indoor air quality measures were made enabling investigations into their levels. 
Data were collected for air temperature, relative humidity, air velocity, ventilation, carbon dioxide, carbon 
monoxide, ozone, fine particle mass concentrations, VOCs, carbonyls, bacteria and fungi using 
standardized procedures. Given the lack of information on most of these measurements of IAQ 
parameters in CCCs, researchers may use these new data to test specific hypotheses. The baseline data 
can be used for comparisons with other international studies (Table 2.9). However, to better understand 
sampling results, investigators need to account for the variability of IAQ caused by the ventilation 
strategies in CCCs. As such, policy makers may use the information considering the variation caused by 
the ventilation strategies as scientific evidence to establish acceptable IAQ parameter levels in CCC 
settings. Also, other study results can be compared with the data collected from this study with respect to 
ventilation strategy.  
 
While ventilation strategies account for the differences in measured indoor environmental parameters in 
general, and may be used in reducing their concentration levels (i.e. NV), effort should be also directed 
towards addressing the indoor sources within the CCCs. For VOCs associated with TE/IN source, a 
balance in the contribution of increased built-up due to emissions of indoor sources and their reduced 
ingress from outdoor sources in AC and ACMV CCCs was observed. In NV and HB CCCs conversely, 
the high dilution of indoor source contributions countered the higher ingress of outdoor TE/IN. This 
results in no significant difference (P>0.10) in indoor exposures, I/O ratios and factor scores for most 
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compounds associated with TE/IN source under different ventilation strategies. The high levels of human- 
and environment –related bacteria concentrations and fungi I/O ratios in dampness/mold centers 
regardless of the type of ventilation highlight the importance of source control and management. 
 
Because of limited resources, a single sampling team was employed to perform the measurements from 
day to day. Samples collected between different CCCs are therefore not simultaneous. This design 
limitation may have caused a problem relating to temporal issues as observed in many large scale studies 
performed in temperate countries (e.g. Sarnat et al., 2005; Sax et al., 2004). However, this limitation may 
have an insignificant consequence on studies performed in the tropics due to lack of seasonal effects. In 
Singapore, the climate is uniformly high temperatures, high humidity and abundant rainfall throughout 
the year. It has a diurnal temperature range of minimum 23–27°C and maximum 30–34°C. The mean 
monthly temperature does not vary by more than 1.1°C from the mean annual temperature of 26.6°C and 
the average variation is 7°C with a mean annual RH value of 84% (Monthly Digest of Statistics, 2000). 
 
The average RPDs for the duplicate samples collected were 0.44, 0.37, 0.51 and 0.43 for human related 
bacteria, environmental bacteria, mesophilic fungi and xerophilic fungi respectively. Differences between 
duplicates can be attributed mainly to random variation in concentrations rather than bias caused by 
instruments (Tsai and Macher, 2005). However, we could not determine the temporal variations within 
each CCC due to logistical constraints. To minimize this variation, we had attempted to conduct sampling 
during the same period where we anticipated that the levels would have reached pseudo-steady state 
conditions based on the CCC activities. While it is quite a robust method to add the counts of mesophilic 
and xerophilic fungi to give a ‘total’ number of viable fungi, it needs to be borne in mind that these two 
culture media are not exclusive since many fungi may grow on both of them. In addition, the high levels 
of bacteria concentration found in this study were attributed to the combined effects of high loadings (thus 
higher variation of expected number of colonies at high loadings via positive hole correction (Macher, 
1989)) and short sampling intervals (1 minute). Though the number of colonies did not exceed 200 per 
plate, the counting accuracy of the Andersen sampler can be decreased in highly loaded plates. 





This study provides a detailed and comprehensive cross-sectional IAQ investigation in a large number 
and representative CCCs in Singapore. Measurements were collected for air temperature, relative 
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humidity, air velocity, ventilation rates, carbon dioxide, carbon monoxide, ozone, fine particle mass 
concentrations, VOCs, carbonyls, bacteria and fungi. The IAQ in Singapore CCCs was found to be 
different from those reported from studies conducted in the cold climate such as the Nordic countries and 
North America. Concentration levels of indoor pollutants such as carbon dioxide and formaldehyde were 
lower in Singapore CCCs when compared to CCCs from other countries. The higher ventilation rate (4.1 
h-1) of CCCs in Singapore was the main determinant for this difference. PCA analysis of VOCs and 
carbonyls in the CCC indoor air has identified 5 broad categories of pollution sources which includes 
building materials (BM), air fresheners/cleaning products (AF/CP), traffic emissions and indoor source 
(TE/IN), water based paints (WBP) and pressed wood products (PWM). 
 
Ventilation strategies of CCCs in Singapore were found to have created differences in IAQ parameters. 
Thermal comfort differences were observed between NV and HB CCCs with ACMV and AC CCCs. The 
high indoor temperature (29.5 and 29.30C respectively) and relative humidity (75.4 and 67.4 %RH 
respectively) levels in NV and HB CCCs are consequences of the outdoor ventilation while the lower 
temperature (23.7 and 26.50C respectively) and relative humidity (51.2 and 59.3 %RH respectively) levels 
in ACMV and AC CCCs were due to the cooling and dehumidifying effects of the air-conditioning. 
Ventilation rates were significantly higher in NV and HB CCCs (4.7 and 4.2 h-1 respectively).  This 
results in higher dilution of indoor generated pollutants such as carbon dioxide, human related bacteria, 
chemical compounds associated to BM, AF/CP, WBP and  PWM, but higher ingress of outdoor pollutants 
such as ozone, PM2.5, fungi and chemical compounds associated to traffic emissions via higher 
ventilation and penetration efficiencies. In AC and ACMV CCCs, the lower ventilation rates (0.6 and 0.7 
h-1 respectively) result in the increase in concentration of the same indoor generated pollutants but lower 
ingress of similar outdoor pollutants. The differences in IAQ caused by different ventilation strategies 
provide insights about the relative importance of indoor and outdoor sources of pollutants in CCCs. 
 







INDOOR ALLERGENS IN CCCS: 








Asthma and allergic diseases have become a major health problem. These conditions have increased over 
the last half of the 20th century, and the trend is accelerating with cases of asthma and allergic diseases 
almost doubling in the past 15 years (WHO, 2000a; 2002; Janson et al., 2001). Among children, asthma 
and allergic diseases are the most common chronic illnesses, are responsible for a high level of morbidity 
and constitute significant economic burden (Emmanuel et al., 1994; Chew et al., 1999b). Indoor allergens 
exposure has been associated with an increased risk of development of allergic sensitization and asthma 
symptoms among susceptible children (IOM, 1993; Platts-Mills et al., 1997; IOM 2000). Many studies 
that have examined these relationships have measured allergen levels in the home and used them as the 
relevant measures of exposure. However, a significant proportion of the preschool children in Singapore 
spend most of their day time in CCCs (Chew et al., 1999a). Although indoor allergens have been 
extensively characterized in the homes, less has been studied about their levels and determinants in CCCs. 
Indeed, characterization of indoor allergens levels in CCCs is essential in developing proper intervention 
strategies in childhood asthma and allergies. 
 
3.1.1 Literature Review on CCC Indoor Allergens 
Exposures to dust mite and animal allergens can cause asthma and trigger asthma attacks in sensitized 
subjects (Samet et al., 1988). Concentrations of more than 2 μg/g Der p 1 in house dust may represent a 
risk for development of specific immunoglobulin E (IgE) to dust mite allergen in genetically predisposed 
individuals (Verhoeff et al., 1994) while concentrations above 10 μg/g of house dust of cat or dog 
allergen are sufficient to cause sensitization and associated risk of asthma in exposed children (Platts-
Mills et al., 1995). Although numerous studies have measured the levels of allergens in dust collected 
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from homes and have provided important data on the relationship between allergen levels and health 
outcomes, little have been done to provide complementary data in CCCs.  
   
A thorough scrutiny of the literature on mite allergens levels in CCCs showed differences in 
concentrations for different countries and climate. For example, Munir et al (1995) reported low mite 
allergens varying from 16 ng/g to 106 ng/g in Swedish CCCs because of the very low humidity in cold 
Nordic climate (below 45%RH and 7g/kg water content) which reduces the population of dust mites 
(Sundell et al., 1994). In temperate climates, studies documenting both low and high mite allergen levels 
have been reported. In 30 French CCCs, de Andrade et al (1995) reported very low levels (0.1-5.3μg/g) of 
indoor dust mite allergens while a US study of 89 North Carolina CCCs, Arbes et al (2005) reported low 
levels of Der p 1 and Der f 1 concentrations (0.2 and 0.1 μg/g). However, Engelhart et al (2002) recorded 
concentrations above 10 μg/g of mite allergens in dust for a large proportion of German CCCs. Similarly, 
conflicting evidence of both low and high mite allergen levels arose from studies conducted in tropical 
climates; Zhang et al (1997) reported low levels of Der p 1 and Der f 1 allergens concentrations (0.3 and 
0.2 μg/g respectively) in 10 Singapore CCCs. However, Fernandez-Caldas and colleagues (2001), 
reported high levels of indoor mite allergens in CCCs in the warm and humid south-eastern United States. 
They reported mite levels ranging from 10 to 1200 mites/gram of dust in 75% of the samples and 
exposure to mite allergen concentrations exceeding 2 μg/g in 40% of the centers studied. Correspondingly, 
in a Sao Paolo studying tropical Brazil, Rullo et al (2002) reported that 67% of CCCs had group 1 mite 
allergens that exceeded 2 μg/g (mean: 2.6 μg/g in dusts) with the presence of bedding accounting for the 
increased levels. Thus, some other factors could influence the levels of mite allergens in CCCs besides 
climate alone. 
 
For cats and dog allergens, the literature is consistent with the fact that presence of Can f 1 and Fel d 1 
allergens are very prevalent in CCCs. With the exception of the study reported in North Carolina CCCs in 
the US (Arbes et al., 2005), most of the reports documented that cats and dogs are not allowed in CCCs. 
Among these studies, Rullo et al (2002) reported low levels of cats and dog allergens ranging from 
undetected to 1.1 μg/g for Fel d 1, and undetected to 3.3 μg/g for Can f 1, while de Andrade et al (1995) 
documented respective concentrations of between 0.1 and 4.5 for Fel d 1 and 0.2 and 1.23 for Can f 1 
μg/g in dust. Similarly, Zhang et al (1997) reported low concentrations of Fel d 1 and Can f 1 to be 0.03 
and 0.1 μg/g respectively in 10 Singapore CCCs. Munir et al (1995) reported that in Sweden, sensitization 
is mainly via exposure to cats and dogs allergens. They documented Fel d 1 and Can f 1 concentrations of 
1.6 and 4.3 μg/g in dust respectively. Wickman et al (1999) showed that Fel d 1 and Can f 1 levels in 
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Swedish CCCs are attributable to cat and dog owners within the CCCs; centers with more cat and dog 
owners had higher levels of Fel d 1 and Can f 1 concentrations respectively. They also reported that low 
ventilation rates in CCCs can lead to higher levels of these allergens. Arbes et al (2005) reported Fel d 1 
and Can f 1 concentrations to be 1.43 and 2.06 μg/g in dust respectively in CCCs where some are 
permitted to keep cats and dogs.   
 
The cockroach allergen most often measured in CCCs is Bla g 1. Rullo et al (2002) reported levels of 1.4 
U/g, Arbes et al (2005) reported 0.21 U/g while Zhang et al (1997) reported 0.7 U/g. These levels are 
below the limits of health concerns. Their prevalence of occurrence within these studies were 80, 52 and 
20% respectively.  
 
Studies in CCC reporting allergen levels from mouse urine protein and fungal allergens are very sparse. 
Arbes et al. (2005) reported 0.01 μg/g of Mus m 1 levels and 5.19 μg/g of Alt a 1 levels within 89 US 
CCCs. 
 
3.1.2 Literature Review on Distributions of Indoor Allergens in CCC 
Assessments of exposure to CCC indoor allergens play an important role in epidemiologic studies. In 
research performed in homes, studies seek to characterize risks and/or evaluate interventions designed to 
reduce risks. For studies performed in CCCs, the motivations are similar. Due to the fundamental 
importance of exposure assessment, there is a need to understand the strengths and limitations of the 
approaches that are currently available.  
 
Indoor allergen exposure assessment may use air or surface sampling or both (Platts-Mills et al., 1992). 
For air sampling, exposures to allergens often occur episodically because of inadvertent disturbance and 
resuspension of reservoirs of allergens by human activities (running, vacuum cleaning etc) or because of 
mechanically-caused vibrations (Gomes et al., 2007). These episodic exposure patterns are not likely to 
be accurately captured by air sampling and may result in significant variations which are not 
representative of total exposures necessary for epidemiological data leading to misclassification bias. In 
most studies however, dust samples from dust reservoirs, such as floors and mattresses, are collected for 
analysis of allergens. A theoretical advantage of settled-dust sampling is the presumed time integration 
that occurs in the deposition of allergens on surfaces and allergen levels appear to be relatively stable over 
long periods (Platts-Mills et al., 1992). Surface sampling may thus be the method of choice for assessing 
the association between exposure and the development of chronic conditions, such as asthma. The method 
is fast, easy, and inexpensive, using only a vacuum cleaner and filters. 
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Still, it is not clear which sampling site best represents exposure in CCC settings. Little is known about 
spatial variation in CCCs. In most studies documenting indoor allergens in CCCs, allergen measurements 
from dust collected from the classroom floors are used as a surrogate for exposure (Munir et al., 1995; Li 
et al., 1997a; Wickman et al., 1999; Fernandez-Caldas et al., 2001; Arbes et al., 2005). Very few studies 
evaluated allergen loadings in different niches within CCCs; de Andrade et al (1995) measured allergen 
levels in four different niches (floors; mattresses; soft toys and pillows), Rullo et al (2002) in two (floors 
and mattresses), Engelhart et al (2002) in four (mattresses, cushions/soft toys, carpeted floors, smooth 
floors) and Zhang et al (1997) performed a composite exposure assessment in four niches (mattresses, 
floors, sofa, carpet). Correlation analyses between exposure sites (niches) were performed only by the 
study of de Andrade et al (1995). They found that Fel d 1 levels on mattresses were positively correlated 
with Fel d 1 levels in the floors and mite allergen levels on mattresses. 
 
3.1.3 Literature Review on Determinants of Indoor Allergens in CCCs 
Identification of CCC characteristics associated with indoor allergens is helpful to determine and evaluate 
the effectiveness of allergen avoidance measures. Studies have documented that determinants for indoor 
allergens can be different (de Blay et al., 1991; 1997; Custovic et al., 1999).  For example, allergens from 
mites, cats, dogs and cockroaches have different aerodynamic properties (IOM, 2000). Mite and 
cockroach allergens can be detected in the air in significant amounts only after vigorous disturbance and 
are predominantly contained within relatively large particles (>10 microns diameter). They can be found 
in dust samples more frequently (Fernandez-Caldas et al., 2001).  
 
In contrast, airborne cat and dog allergens are readily measured in houses with pets and a quarter of it are 
associated with small particles (< 5 microns diameter). Cat and dog allergens can also adhere onto the 
fabrics of clothes and transferred from an environment where pets are being held to another where pets 
are restricted (Munir, 1997; Almqvist et al., 1999; Wickman et al., 1999).  Mouse allergen is carried on 
particles that are small and remain airborne (Matsui et al., 2005); like other animal allergens, they are 
widely distributed and also commonly found in homes that are not infested with mice (Chew et al., 2003). 
Most fungal spores have aerodynamic diameters of 2–10 µm (ATS, 1997) and deposit less quickly 
(compared to mite allergens) on indoor surfaces from gravitational settling. The fungal allergens may be 
influenced by the presence of dampness or molds on the interior surface of the walls (Nevalainen & Seuri, 
2005). 
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The CCC air exchange rates can be a major determinant for the indoor allergens. Theoretically, high 
AERs in CCCs may aid in diluting indoor sources of aeroallergens while at the same time promotes the 
introduction of outdoor aeroallergens. On the other hand, poor ventilation may result in the build up of 
indoor generated aeroallergens while concomitantly reducing the ingress of outdoor aeroallergens (see 
Chapter 2). Wickman et al (1999) has shown that increased ventilation rates decreased the airborne levels 
of Fel d 1 in Swedish CCCs with no cat owners.  
 
In addition, high AERs can also influence dust mite allergens in an indirect manner. In home studies 
performed in cold climates, high AERs are associated with decreased indoor humidity with subsequent 
lesser proliferation of dust mites and lower exposure to mite allergens (Sundell, 1994). This is due to the 
fact that in the cold climate, the outdoor air has very low water content. Thus, increasing AERs reduces 
the indoor air humidity, thus preventing major infestations of dust mites. Signs of increased humidity in 
the home surfaces such as dampness or molds have also been associated with higher Der p 1 levels (Zock 
et al., 2006). No studies relating the effects of AERs on dust mite allergens in CCCs were found.  
 
Ventilation strategies in CCCs may play a role in creating favorable environments for the proliferation of 
sources of allergens (e.g. dust mites). Wickman et al (1994) and Emenius et al (1998) have shown that 
mechanical ventilation in homes can reduce mite allergen levels in cold Nordic climates because they 
reduce the indoor humidity to lower than 45% RH and water content to lower than 7g/kg of air. The 
authors reported that in homes which are naturally ventilated, the mite allergens concentrations were 
higher than those with mechanical ventilation system. However, in a study of Der p 1 allergen levels in 
geographically varying 10 European countries and 29 centers (Zock et al., 2006), the authors reported that 
annual relative humidity was not associated with the allergen levels. 
 
Besides relatively high ambient relative humidity, dust mites flourish in environment where (human) skin 
scales for food supply is found and indoor temperature is optimal (Arlian & Morgan., 2003). For the 
former, food particles can collect on carpeted floorings due to the large surface areas (Dybendal & 
Elsayed 1992; Zock & Brunekreef, 1995). Arbes et al (2005) showed that for Der p 1 and Der f 1 
concentrations collected from 20 CCCs with both carpet and hard floors, the allergen levels were 
significantly higher from dust with carpet surface. For temperature, culture experiments with Blomia 
tropicalis (most dominant mite species present in Singapore house dust) has revealed the thermotolerant 
behavior. It has been shown to be resistant to annual mean temperatures of 300C (Yi et al., 1999). 
However, the temperatures have been shown to affect the Dermatophagoides  pteronyssinus  (Cain et al. 
1998) mite species because of its thermo-sensitivity (Cain et al., 1998). The multi-center study by Zock et 
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al (2006) has revealed increased in Der p 1 levels with winter temperature but not summer temperature 
and decreasing latitude. 
 
Many researchers have reported the influence of home characteristics on indoor allergens in the homes 
(Zhang et al., 1997; Kitch et al., 2000; van Strien et al., 1994; 2004; Zock et al., 2006). In the home 
environment, predictors include carpeting, building age, ethnicity, socio-economic status for mite 
allergens (Zhang et al., 1997; Kitch et al., 2000; Leaderer et al., 2002; van Strien et al., 2004) and 
presence of cats and dogs for respective allergens (Zhang et al., 1997; Zock et al., 2006). Unfortunately, 
there has been very little complementary research on the influence of CCC characteristics on indoor 
allergens in CCCs (Arbes et al., 2005). In a study on US CCCs, predictors for mite allergens include 
carpeting, high percentage of minority children, CCCs operating for profit and CCCs in old buildings 
(Arbes et al., 2005). Arbes et al. (2005) reported predictors for other allergens such as Fel d 1 (carpeting, 
cats in CCCs), Can f 1 (non-sleeping areas, CCCs without government subsidies, dogs in CCCs), Mus m 
1 (building type) and Bla g 1 (building type, cockroach seen in CCC, presence of open food).  
 
3.1.4 Summary and Identification of Knowledge Gap 
Very few studies evaluated allergen loadings in different niches within CCCs. Although allergen 
concentrations on floors have been well documented, allergens may also be present in other niches. This 
is especially so in CCC environments where child activities can disturb settled dusts on the floor to other 
areas. In addition, evaluation of only floor samples as a surrogate exposure to indoor allergens may not 
represent an accurate relationship between dose and response. Using only floor samples may be 
inappropriate if the distributional variation is significant. A combination of classroom and kitchen (eating 
areas) floors, classroom curtains, mattress and upholstered furniture dust samples has to be evaluated. 
From the perspective of total exposure assessment, the allergen levels at these niches in the CCCs could 
be of great importance. Unfortunately, no studies have identified potential niches within the CCCs for the 
coomon allergens and evaluate their levels in different niches, especially here, in the tropics. The 
composite assessment performed on four different niches by Zhang et al’s study (1997) can lead to bias 
since allergen levels on one niche can be distinctly different from the others.  
 
Moisture and temperature are important for dust mites and they cannot survive in cold or hot-dry climates. 
In tropical and subtropical regions, Blo t 5 and Der p1 allergens are commonly found (Fernandez-Caldas 
et al., 1993; Zhang et al., 1997). It has been broadly suggested that the tropical climate (year round high 
humidity and warm temperatures) in Singapore is favorable to growth of dust mites in indoor 
environments (Zhang et al., 1997). Certainly, home studies showing that humidity and temperature 
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(Korsgaard, 1983; Sundell, 1994) can affect dust mite populations suggest that similar occurrences could 
happen in the CCC settings as well. Together with the culture experiments that have documented dust 
mites behavior towards temperature (Cain et al., 1998; Yi et al., 1999), no field studies have supported 
their evidence using empirical data. It is also unclear if humidity in normal tropical settings will have any 
influence on mite allergen levels since humidity in tropical climate generally exceed the 45% RH and 
7g/kg of relative and absolute humidity respectively; minimum conditions for dust mites to thrive. 
 
While specific levels of indoor allergens have been found to be associated with various home 
characteristics, complementary CCC characteristics have not been extensively studied. Although, the 
CCC setting is similar in the sense that it mimics a home (sleep rooms, playroom, kitchen etc), it still has 
features which are distinctly different from the home environment. The available but limited studies on 
associations of CCC characteristics with indoor allergens have been focused on cats and dogs allergens 
and their relation with pet ownerships, their presence and ventilation (Munir et al., 1995; de Andrade et 
al., 1995; Wickman et al., 1999; Arbes et al., 2005). Thus far, only one study in the US (Arbes et al., 2005) 
has evaluated associations of CCC characteristics with other indoor allergens in a systematic manner. 
These characteristics include carpeting, high percentage of minority children, CCCs operating for profit 
businesses, building age and type, CCCs without government subsidies, observed pests in CCC and 
presence of open food. However the impact of such factors on indoor microclimate may differ between 
different climate zones, CCC operations and construction practices. The importance of these factors may 
need to be determined for the tropical community.  
 
In addition, study by Arbes et al (2005) has been hampered by a lack of concomitant ventilation 
assessments which could also be the main determinants for allergen levels, in particular for dust mites.  
Whereas mechanical ventilation has been advocated in the Nordic climates to reduce dust mite 
proliferation, the approach may not be applicable for tropical CCCs. Colloff (1994) has persuasively 
argued that use of mechanical ventilation to reduce mite allergen levels in countries with high outdoor 
humidity is futile. While increasing building ventilation might reduce dust mite allergens in Nordic 
climate via reduction of indoor humidity, increasing building ventilation rates in tropical climates may 
increase indoor humidity (see Chapter 2). However, there has been no report documenting how 
ventilation can affect indoor allergen levels in CCCs in tropical environments. 
 
Allergen exposure is an important risk factor for allergic asthma in most parts of the world and in 
Singapore (IOM, 1993).  Avoiding exposure to these allergens can reduce airway hyperresponsiveness 
and asthma symptoms (IOM, 1993). Therefore, it is important to know the distributions of allergens in 
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different niches and which environmental and CCC characteristics are conducive to high concentrations 
of allergens. This information is useful in order to design effective avoidance measures and to design 
CCCs which provide lower intrinsic levels of allergen exposure in Singapore.  
 
3.1.5 Objectives 
The purpose of this study is to quantify the concentrations of the indoor allergens in floor (classroom and 
kitchen), classroom curtain, upholstered furniture and mattress dust in Singapore CCCs.  
 
The specific objectives are to: 
1) Describe the distribution of allergen levels in different niches;  
2) Estimate the number and percentage of CCCs with allergen levels above established health thresholds; 
and  
3) Determine the associations of allergen levels with CCC characteristics and indoor air quality.  
 
These three objectives together constitute Obj 2 on page 14. For the purpose of this study, the indoor 
allergens that were the focus of the laboratory analyses are the dust mite allergens Der p 1 and Blo t 5, 
cockroach allergen Bla g 1, the cat allergen Fel d 1, the dog allergen Can f 1, mouse urinary proteins 
(MUPs), and Asp f 1. Mouse urinary protein (MUP) contains several immunoglobulin E-binding proteins, 
including Mus m 1 (Hollander et al. 1997) which is used in this study. From the two commercially 
available fungal allergens (Asp f 1 and Alt a 1), Asp f 1 was selected for this study as opposed to Alt a 1 
although Alt a 1 is commonly reported in studies elsewhere (Vailes et al., 2001; Arbes et al., 2005). This 
is because Alternaria spores in Singapore occurred in less than 2% of the airspora (Lim et al., 1998; 
Wong, 2002; Ong, 2004) while Aspergillus fumigatus has positive specific IgE using sera from tropical 
patients (Ong, 2004). In addition, Aspegillus spores are abundant in the airspora in Singapore (Lim et al., 
1998; Ong, 2004). 
 
3.2 MATERIALS AND METHODS 
 
3.2.1 CCC Population and Sampling  
The CCC sampling procedures for this study follow that of Chapter 2. 104 CCCs were the participants in 
this survey.  
 
3.2.2 Dust Collection Procedure  
Dust samples were collected using a modified Kirby Classic III (Kirby Co, USA) vacuum cleaner, which 
was adapted with a chamber that collects dust onto a filter paper. Cross-contamination of samples was 
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avoided by using a new filter paper each time, and having the dust particulates in the vacuum cleaner 
blown out repeatedly prior to the next sample. 
 
For each CCC, four to six dust samples were collected. Dust samples were collected by the same 
sampling team trained to follow a standardized protocol. These samples were from the floor in the main 
classroom, floor in the kitchen, mattress, sofa (if present), and the vertical curtains in the main classroom. 
Only upholstered sofas were sampled.  
  
Dusts were collected from each niche as follows:  
• Main classroom floor: Dust was vacuumed in the middle portion (an area of approximately 2 m2) 
and along the perimeter of the floors (about 2m2) for 5 minutes. If a carpet was present, at least 1 
minute was devoted to sampling the carpet. 
• Vertical curtains: Dusts were vacuumed on area of approximately 4 m2 on the vertical curtains in 
the main classroom for 5 minutes.  
• Mattress: Dust was vacuumed on at least 5 randomly selected vinyl (PVC) encased mattresses. 
Each mattress surface (about 1m2) was vacuumed for about 1 minute (total 5 minutes). For 
mattresses with clothe cover, no attempt was made to remove it during sampling.  
• Kitchen floor: Dust collection was concentrated along the perimeter of the floors, including 
spaces between floor appliances and walls or cabinets, from beneath tables and chairs, and then 
from the open floor area (total about 4m2), for 5 minutes.  
• Upholstered Sofa (if present): Dusts were vacuumed on sofa cushions (both sides of reversible 
cushions), arms and seat backs for a total of 5 minutes. No attempt was made to vacuum areas 
under the sofas or in deep crevices.  
 
The protocol involves the dust collected samples to be sealed in grip lock bags, stored at 40C in coolers 
and transported back to the laboratory and immediately be placed into a freezer at -20°C.  
 
3.2.3 Allergen Extraction 
In the laboratory, dust samples were sieved through a No. 45 mesh screen 355-µm pore-size grating to 
remove large particles and fibres. The weight of the recovered dust was then determined. The fine dusts 
were suspended in phosphate buffered saline (pH 7.4) in a proportion of 100 mg (±5 mg) fine dust per 2 
mL buffer. For samples between 30 mg and 100 mg, the proportional amount of buffer needed was added. 
The dust suspensions (resuspended using a vortex mixer) were mixed end over end for overnight (16 
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hours) on a laboratory rocker at 40C. The supernatants were harvested (in 1 mL) by centrifugation (20 
mins at 2,500 rpm at 40C) and frozen at - 200C until assayed for the allergens of interest. 
 
3.2.4 Allergen Analyses 
Currently, immunological techniques using enzyme-linked immunosorbent assay (ELISA) are performed 
to evaluate the concentrations of allergens in the environment. Although the method is reliable, it is 
limited to testing an antibody response to a single antigen per reaction, thus necessitating a panel of 
assays to complete the evaluation. In contrast, the new bead-based method (BioPlex 2200; Bio-Rad 
Laboratories, Hercules, Calif.) is a robust system that can assess the response to multiple, independent 
antigens in a single incubation (multiplex). The instrument combines Lab-Map multi-analyte profiling 
technology (Luminex, Austin, Tex.) (Fulton et al., 1997) with unique antigen-coated fluoromagnetic bead 
chemistry and versatile software. Common test groupings can be performed in one tube. This approach 
potentially reduces overall cost, turnaround time, and sample volume especially for low dusts collection 
in CCCs.  In the present study, the allergen assays for Der p 1, Fel d 1, Bla g 1, Can f 1 and Mus m 1 were 
evaluated on the BioPlex 200 system. For Asp f 1 and Blo t 5 the conventional ELISA technique was 
employed for the assay. All the dust assaying kits used were purchased from Indoor Biotechnologies 
Ltd.(Manchester, UK).   
 
3.2.4.1 Bead Coupling and Activation 
The respective coating antibodies from the dust assay kits (see table 3.1) were coupled dyed carboxylated 
polystyrene beads via carbodiimide reactions involving protein primary amino groups and the carboxyl 
functional groups on the beads (Bio-Plex Amine Coupling Kit, Bio-Rad Laboratories, Hercules USA). 
EDC (1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide) reacts with the carboxyl groups on the surface of 
the beads which is stabilized with S-NHS (sulfo-N-hydroxy-sulfosuccinimide). These intermediates react 
with the protein to form amine bonds. Antibodies coated beads were finally resuspended in 150μl storage 
buffer, enumerated using a counting chamber (hemocytometer) and stored at 4 °C in the dark until use. 
 
Table 3.1 Protein samples (antibody) used for various allergens. 
Allergen Protein (antibody) 
Der p 1 Anti Der p 1 monoclonal Ab 10B9 
Fel d 1 Anti Fel d 1 capture monoclonal Ab 6F9 
Bla g 1 Anti Bla g 1 capture monoclonal Ab 10A6 
Can f 1 Anti Can f 1 monoclonal Ab 6E9 
Mus m 1  Anti Mus m 1 polyclonal Ab 
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3.2.4.2 Bioplex Assays (Der p 1, Fel d 1, Bla g 1, Can f 1, Mus m 1) 
For analyses relating Der p 1 and Fel d 1, wells (MultiScreen HTSTMBV plate; Milipore, USA) were first 
pre-wet with 150μl of PBS. Coated beads were washed three times with 150μl PBS 0.05% Tween 20 
(PBS-T), by removing buffer with a vacuum pump. Subsequently, 50μl of standards or samples were 
pipetted into each well. Plates were shaken at 1,100 rpm for 30 sec and reduced to 300rpm for another 1 h 
at room temperature. After similarly washing 3 times, 50μl of allergen detection biotinylated antibody 
was added into each well. Plates were shaken at 1,100 rpm for 30 sec and reduced to 300rpm for another 
1 h at room temperature. Washing procedure was carried out again followed by the addition of 50μl of 
streptavidin-PE (2μg/ml) into each well. Plates were shaken at 1,100 rpm for 30 sec and reduced to 
300rpm for another 30 min at room temperature. Similar washing were carried out 5 times. Finally, the 
beads were resuspended with 125μl PBS, shaken at 1,100 rpm for 2 minutes at room temperature and read 
on the BioPlex 200. For analyses relating Bla g 1, Can f 1 and Mus m 1, the analyses were similar to the 
above except 50μl of unconjugated rabbit anti-allergen antibody was added into each well after the 
addition of standards and samples step. This was followed by a wash step and addition of 50μl of 
biotinylated anti-rabbit antibody for 1 hr with constant shaking. 
 
3.2.4.3 ELISA Assay (Asp f 1, Blo t 5) 
Sandwich ELISA for Asp f 1 and Blo t 5 were measured. Briefly, 96 well microtiter plates were coated 
with mAb at a concentration of 1μg/well (Asp f 1) and 10μg/well (Blo t 5). After washing, the plates were 
blocked with PBST for about an hour at room temperature followed by washing and incubation with dust 
samples at room temperature for 1 hour. Standard curves were constructed using the reference standards 
provided. After extensive washings, incubation with horseradish peroxidase anti-rabbit antibody was 
performed for 1 hour at room temperature. Assay was developed using 3,3’,5,5’-tetramethylbenzidine 
(TMB)(Sigma, USA) for 30 minutes. The plate was read at absorbance of 655nm. 
 
Table 3.2 Amounts of coating, standards and antibodies used for analysis 
Allergen Coating (μg) Standards 1st antibody 2nd antibody 
Asp f 1 1 250-0.5 ng/ml   1:2500 - 
Der p 1  10  250-0.5 ng/ml   1:2500 - 
Blo t 5 75  250-0.5 ng/ml   1:6000 (in house) 1:200,000 
Fel d 1 1  20-0.04 mU (1 unit = 4μg protein) 1:15,000 - 
Can f 1 4  500-1 ng/ml   1:4000 1:200,000 
Mus m 1 20  25-0.05 ng/mL  1:800  - 
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3.2.5 CCC Characteristics and Indoor Air Quality 
A CCC building checklist was used to obtain different CCC characteristics (see Appendix B). The CCC 
characteristics that could be associated with the measured indoor allergens were analyzed as independent 
variables in the models for different indoor allergens. At a macro level, these include the CCCs 
geographical location within Singapore (north, south, east or west – based on the postal code of the CCCs 
or central city, outer city, estate, sub-urban). For the main building variables, the information obtained 
were building type (Void-deck, office building, single house or others) and building age (1996-2005, 
1980-1995, 1965-1979, < 1965). The type of ventilation strategies were classified as naturally ventilated 
(NV), hybrid ventilated (HB), air conditioning and mechanically ventilated (ACMV) and air conditioned 
(AC) as described in Chapter 2. Information was obtained on whether visible damp stains and molds on 
the walls were observed (yes or no) and types of floor surfaces (bare, partial or full carpeting). From the 
interviews with the maintenance staff, information on presence of cats, dogs, cockroach or mouse outside 
the CCCs was obtained. The information was dichotomized into yes or no. Using a questionnaire (see 
Appendix C), parents of the children were asked whether they are keeping cats or dogs in the homes. 
Indoor temperature, relative humidity and air exchange rates (AER) were measured in the classrooms as 
detailed in Chapter 2. The absolute humidity was computed using the measured temperature and relative 
humidity using a psychrometric chart. 
 
3.2.6 Data Analysis 
 
The normality of the distribution of the levels of allergens was examined for the original and the natural 
log transformed values. Distributions of the allergens were evaluated using Kolmogorov-Smirnov test. 
All distributions were found to be not normal. Thus, all statistical analyses were conducted on the natural 
log transformed values. 
 
Comparisons of means of the allergens among 2 or more variables were performed using 2 sample t-test 
or ANOVA test. Correlations between allergens levels were performed by determining the Pearson 
correlation coefficients. Bivariate associations between natural log transformed allergen concentrations 
with CCC characteristics and indoor air quality parameters were performed using linear regression 
(Johnson & Wichern, 2002). For multivariate models of the associations, all CCC characteristics or IAQ 
parameters bivariately associated with the allergen levels at the P < 0.10 level were linearly regressed 
using backward elimination processes as seen in Equation 3.1 (Johnson & Wichern, 2002).  
 
Ci=β0i +β1i *E +β2i *Qi       Eqn 3.1 
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where Ci (μg/g, or U/g) is the natural log transformed indoor concentration of allergen i in the CCC, E is 
the IAQ parameters of the CCC measured (temperature, humidity and AER), Qi is the parameters of the 
various CCC characteristics terms and the βs are the regression coefficients. 
 




3.3.1  Summary statistics 
A total of 416 dust samples were collected from the various niches within the 104 CCCs. Table 3.3 
provides the summary statistics for concentrations of the 7 allergens in various niches.  19 CCCs have 
two large classrooms and therefore 2 floor samples were obtained. 13 CCCs have no curtains or blinds 
while additional samples were collected from 4 large classrooms. 12 and 10 dust samples from mattress 
and kitchens were respectively lost during sampling. Only 12 CCCs have upholstered sofa within the 
centers. With the exception of cat and dust mite allergens, it was observed that the occurrence of other 
allergens were very low (range: 5.5 to 19.5%). The highest geometric mean concentrations were for Bla g 
1 and Blo t 5. Only Der p 1 and Bla g 1 had concentrations exceeding the threshold values, although these 
occurrences were found to be very sparse. The distributions of the allergens are shown in Figure 3.1 
 
Table 3.3 Summary statistics of allergen concentrations from all dust samples collected (N=416) 
Allergen Unit % +ve1 GM  2 Median Min Max 25th % 75th % N > threshold3 
Der p 1  μg/g 74.5 0.04  0.03 0.01 15.30 0.02 0.08 2 
Blo t 5 μg/g 94.5 0.17 0.17 0.01 2.57 0.09 0.33 … 
Fel d 1 μg/g 81.0 0.02 0.02 0.01 2.16 0.01 0.05 0 
Can f 1 μg/g 19.5 0.11 0.08 0.04 2.86 0.05 0.14 0 
Mus m 1 μg/g 16.1 0.006 0.004 0.001 0.790 0.003 0.029 0 
Bla g 1 U/g 5.5 0.22 0.22 0.02 5.21 0.12 0.58 1 
Asp f 1 μg/g 14.2 0.007  0.005 0.003 0.390 0.004 0.006 … 
1 Samples with detectable allergen; 2 GM – geometric mean; 3 Threshold values based from literature; Der p 1 = 2 
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Figure 3.1 Distribution of allergen concentrations (see Table 3.3 for corresponding units) 
 
3.3.2 Concentrations of Allergens in Different Niches 
Within the niches in the CCCs, the highest concentrations of dust mite allergens (Der p 1 and Blo t 5) 
were found in the sofa (0.05 and 0.42 μg/g respectively) with both occurring 100% of the time (Figure 
3.2a, b and Table 3.4). Fel d 1 concentrations was also highest in the sofa (0.05 μg/g) occurring 92% of 
the time. There were no significant differences in Der p 1, Blo t 5 and Fel d 1 concentrations found in the 
classroom floors, curtains and mattresses. Apart from Der p 1, Blo t 5 and Fel d 1, the other allergens are 
non-detectable in the majority of the samples (Figure 3.2c and Table 3.4).  
 
Tables 3.5a to 3.5g present the correlation coefficients of allergen levels between different niches. Except 
for sofa, Der p 1 concentrations within different niches were significantly correlated (correlation 
coefficient ranging from 0.37 – 0.51; P<0.05). For Blo t 5, floor concentrations were only significantly 
correlated with curtain and mattress concentrations (correlation coefficients: 0.22 and 0.25 respectively; 
P<0.05). Fel d 1 floor concentrations were significantly correlated with curtain and mattress 
concentrations (correlation coefficients: 0.41 and 0.34 respectively; P<0.05) while kitchen floor 
concentrations were correlated with curtain and sofa concentrations (correlation coefficients: 0.27 and 
0.90 respectively; P<0.05). Can f 1 floor concentrations were significantly correlated with kitchen floor 
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and mattress concentrations (correlation coefficients: 0.89 and 0.83 respectively; P<0.05). Finally, Mus m 
1 floor concentrations were significantly correlated with curtain and mattress concentrations (correlation 
coefficients: 0.90 and 0.96 respectively; P<0.05). Can f 1 mattress concentrations were correlated with 
curtain concentrations and kitchen floor concentrations (correlation coefficients: 0.90 and 0.81 
respectively; P<0.05). 
 
Figure 3.2a Distributions of Der p 1 and Blo t 5 allergens in various niches. 
Figure 3.2b Distributions of Fel d 1 and Can f 1 allergens in various niches 
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Figure 3.2c Distributions of Mus m 1, Bla g 1 and Asp f 1 allergens in various niches. 
 
Between the two mite allergens, significant correlations were found in floor and sofa dusts (correlation 
coefficients: 0.27 and 0.57; P = 0.01 and 0.05 respectively). Correlations were also found for the two mite 
allergens with Fel d 1 in floor dusts. Der p 1 was found to be significantly correlated with Mus m 1 and 
Asp f 1. Little correlation exists between other allergens in mattress, sofa, kitchen floor and curtains. 
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Table 3.4 Geometric mean concentrations of allergens found in different niches. 
  Classroom floor (N= 123 ) Curtains (N=95) Mattress (N=92) Kitchen floor (N=94) Sofa (N=12) 
Allergen Units % +ve1 GM2 Median % +ve1 GM2 Median % +ve1 GM2 Median % +ve1 GM2 Median % +ve1 GM2 Median 
Der p 1¶  μg/g 73.2 0.050a 0.032 86.3 0.042a 0.034 88.0 0.045 a,b 0.036 48.9 0.027 b 0.019 100.0 0.052 a 0.043 
Blo t 5¶ μg/g 99.2 0.206 a, b 0.205 98.9 0.235 b 0.248 90.2 0.142 a 0.144 88.3 0.085 0.092 100.0 0.416 a, b 0.506 
Fel d 1¶ μg/g 87.8 0.025 a 0.023 86.3 0.025 a 0.027 69.6 0.015 a 0.012 76.6 0.021 a 0.017 91.7 0.046  0.082 
Can f 1 μg/g 26.8 0.109 0.085 11.6 0.087 0.078 18.5 0.088 0.063 18.1 0.148 0.117 33.3 0.076 0.075 
Mus m 1 μg/g 14.6 0.007 0.003 13.7 0.009 0.007 17.4 0.009 0.004 21.3 0.016 0.013 … … … 
Bla g 1 U/g 8.1 0.187 0.163 2.1 0.124 0.124 5.4 0.330 0.334 6.4 0.283 0.198 … … … 
Asp f 1 μg/g 15.4 0.004 0.004 11.6 0.004 0.004 10.9 0.008 0.005 18.1 0.005 0.005 16.7 0.009 0.009 
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Table 3.5a Correlation table between Der p 1 levels in various niches 
 
Der p 1 
Floor 
Der p 1 
curtain 
Der p 1 
mattress 
Der p 1 
kitchen 
Der p 1  
sofa 
Correlation Coefficient 1.000 .515 ** .452 ** .407* .095
Sig. (2-tailed) . .000 .000 .014 .823
Der p 1 
Floor 
  
  N 90 66 61 36 8
Correlation Coefficient .515** 1.000 .374** .509** .429
Sig. (2-tailed) .000 . .002 .002 .289
Der p 1  
curtain 
  
  N 66 82 65 36 8
Correlation Coefficient .452** .374** 1.000 .314* .442
Sig. (2-tailed) .000 .002 . .049 .200
Der p 1  
mattress 
  
  N 61 65 81 40 10
Correlation Coefficient .407* .509** .314* 1.000 .500
Sig. (2-tailed) .014 .002 .049 . .391
Der p 1  
kitchen 
  
  N 36 36 40 46 5
Correlation Coefficient .095 .429 .442 .500 1.000
Sig. (2-tailed) .823 .289 .200 .391 .
Der p 1  
sofa 
  
  N 8 8 10 5 12




Table 3.5b Correlation table between Blo t 5 levels in various niches 
 
Blo t 5  
Floor 
Blo t 5 
curtain 
Blo t 5  
mattress 
Blo t 5 
kitchen 
Blo t 5  
sofa 
Correlation Coefficient 1.000 .218* .247* .148 -.140
Sig. (2-tailed) . .036 .026 .184 .665
Blo t 5  
Floor 
  
  N 122 93 81 82 12
Correlation Coefficient .218* 1.000 .086 .055 .367
Sig. (2-tailed) .036 . .483 .653 .332
Blo t 5  
curtain 
  
  N 93 94 69 70 9
Correlation Coefficient .247* .086 1.000 .144 -.176
Sig. (2-tailed) .026 .483 . .231 .627
Blo t 5  
mattress 
  N 81 69 83 71 10
Correlation Coefficient .148 .055 .144 1.000 -.191
Sig. (2-tailed) .184 .653 .231 . .574
Blo t 5 
 kitchen 
  
  N 82 70 71 83 11
Correlation Coefficient -.140 .367 -.176 -.191 1.000
Sig. (2-tailed) .665 .332 .627 .574 .
Blo t 5  
sofa 
  
  N 12 9 10 11 12
*  Correlation is significant at the 0.05 level (2-tailed). 
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Table 3.5c Correlation table between Fel d 1 levels in various niches  
 
Fel d 1  
Floor 
Fel d 1 
curtain 
Fel d 1 
mattress 
Fel d 1 
kitchen 
Fel d 1  
sofa 
Correlation Coefficient 1.000 .410** .337** -.002 -.233
Sig. (2-tailed) . .000 .008 .986 .546
Fel d 1  
Floor 
  
  N 108 79 61 66 9
Correlation Coefficient .410** 1.000 .274 .268* -.539
Sig. (2-tailed) .000 . .057 .048 .168
Fel d 1  
curtain 
  
  N 79 82 49 55 8
Correlation Coefficient .337** .274 1.000 .086 -.224
Sig. (2-tailed) .008 .057 . .556 .718
Fel d 1  
mattress 
  
  N 61 49 64 49 5
Correlation Coefficient -.002 .268* .086 1.000 .900*
Sig. (2-tailed) .986 .048 .556 . .037
Fel d 1  
kitchen 
  
  N 66 55 49 72 5
Correlation Coefficient -.233 -.539 -.224 .900* 1.000
Sig. (2-tailed) .546 .168 .718 .037 .
Fel d 1  
sofa 
  
  N 9 8 5 5 11




Table 3.5d Correlation table between Can f 1 levels in various niches   
 
Can f 1  
Floor 
Can f 1 
curtain 
Can f 1 
mattress 
Can f 1 
kitchen 
Can f 1  
sofa 
Correlation Coefficient 1.000 .029 .833* .886* 1.000
Sig. (2-tailed) . .957 .010 .019 .
Can f 1  
Floor 
  
  N 33 6 8 6 2
Correlation Coefficient .029 1.000 .800 .500 -1.000
Sig. (2-tailed) .957 . .200 .667 1.000
Can f 1  
curtain 
  
  N 6 11 4 3 2
Correlation Coefficient .833* .800 1.000 1.000 1.000
Sig. (2-tailed) .010 .200 . . .
Can f 1  
mattress 
  
  N 8 4 17 2 2
Correlation Coefficient .886* .500 1.000** 1.000 .
Sig. (2-tailed) .019 .667 . . .
Can f 1  
kitchen 
  
  N 6 3 2 17 1
Correlation Coefficient 1.000** -1.000 1.000** . 1.000
Sig. (2-tailed) . 1.000 . . .
Can f 1  
sofa 
  
  N 2 2 2 1 4
*  Correlation is significant at the 0.05 level (2-tailed); **  Correlation is significant at the 0.01 level (2-tailed). 
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Table 3.5e Correlation table between Mus m 1 levels in various niches   
 
Mus m 1  
Floor 
Mus m 1 
curtain 
Mus m 1 
mattress 
Mus m 1 
kitchen 
Mus m 1  
sofa 
Correlation Coefficient 1.000 .900* .964** 1.000** .
Sig. (2-tailed) . .037 .000 . .
Mus m 1  
Floor 
  
  N 18 5 7 3 0
Correlation Coefficient .900* 1.000 .898** .541 .
Sig. (2-tailed) .037 . .002 .210 .
Mus m 1  
curtain 
  
  N 5 13 8 7 0
Correlation Coefficient .964** .898** 1.000 .812* .
Sig. (2-tailed) .000 .002 . .050 .
Mus m 1  
mattress 
  
  N 7 8 16 6 0
Correlation Coefficient 1.000** .541 .812* 1.000 .
Sig. (2-tailed) . .210 .050 . .
Mus m 1  
kitchen 
  
  N 3 7 6 20 0
Correlation Coefficient . . . . .
Sig. (2-tailed) . . . . .
Mus m 1  
sofa 
  
  N 0 0 0 0 0





Table 3.5f Correlation table between Bla g 1 levels in various niches   
  
Bla g 1 
Floor  
Bla g 1 
curtain  
Bla g 1 
mattress  
Bla g 1  
kitchen  
Bla g 1 
sofa  
Correlation Coefficient 1.000 . . -1.000** .
Sig. (2-tailed) . . . .000 .
Bla g 1  
Floor  
  
  N 10 1 1 3 0
Correlation Coefficient . 1.000 . . .
Sig. (2-tailed) . . . . .
Bla g 1  
curtain  
  
  N 1 2 1 1 0
Correlation Coefficient . . 1.000 . .
Sig. (2-tailed) . . . . .
Bla g 1  
mattress  
  
  N 1 1 5 1 0
Correlation Coefficient -1.000** . . 1.000 .
Sig. (2-tailed) .000 . . . .
Bla g 1  
kitchen  
  
  N 3 1 1 6 0
Correlation Coefficient . . . . .
Sig. (2-tailed) . . . . .
Bla g 1  
sofa  
  
  N 0 0 0 0 0
**  Correlation is significant at the 0.01 level (2-tailed). 
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Table 3.5g Correlation table between Asp f 1 levels in various niches  
 
Asp f 1  
Floor 
Asp f 1 
curtain 
Asp f 1 
mattress 
Asp f 1 
kitchen 
Asp f 1  
sofa 
Correlation Coefficient 1.000 .205 .800 -.500 .
Sig. (2-tailed) . .741 .200 .667 .
Asp f 1  
Floor 
  
  N 19 5 4 3 1
Correlation Coefficient .205 1.000 .600 .700 .
Sig. (2-tailed) .741 . .400 .188 .
Asp f 1  
curtain 
  
  N 5 11 4 5 1
Correlation Coefficient .800 .600 1.000 .406 .
Sig. (2-tailed) .200 .400 . .425 .
Asp f 1  
mattress 
  
  N 4 4 10 6 0
Correlation Coefficient -.500 .700 .406 1.000 .
Sig. (2-tailed) .667 .188 .425 . .
Asp f 1  
kitchen 
  
  N 3 5 6 17 0
Correlation Coefficient . . . . 1.000
Sig. (2-tailed) . . . . .
Asp f 1  
sofa 
  
  N 1 1 0 0 2
 
 
3.3.3 Characteristics and Indoor Air Quality of CCCs  
Of the 104 participating CCCs, 57% are CCCs situated in void decks and 24% from single houses. 65% 
of the CCCs are in estate areas while a majority of the buildings were constructed between 1980 and 1995. 
74% of the CCCs had smooth floorings and 15% of the CCCs placed the mattresses in storage rooms. The 
CCC characteristics of the study are described in Table 3.6 while the IAQ parameters have been given in 
Chapter 2. Since the floor, curtain and mattress concentrations of the allergens were correlated; the 
association of different CCC characteristics and IAQ parameters were evaluated for floor concentrations 
only. 
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Table 3.6 CCC characteristics (N = 104) 




Void deck 1 57 
Office building 2 5 
Single House  3 24 
Building type 
Others 4 15 
North 1 23 
East 2 31 
Central 3 16 
Region 
West 4 30 
NV 1 57 
HB 2 20 
ACMV 3 5 
Ventilation Strategies 
AC 4 18 
1996-2005 1 19 
1980-1995 2 49 
1965-1979 3 26 
Building age 
< 1965 4 7 
Central city 1 2 
Outer city 2 13 
Estate 3 65 
Location 
Sub-urban 4 20 
Damp stains  Present1 1 72 
Mold  Present1 1 46 
Cats observed outside  Present1 1 62 
Dogs observed outside  Present1 1 58 
Cockroaches observed outside  Present1 1 55 
Mouse observed outside  Present1 1 35 
Smooth 1 74 Floor surfaces 
Full or partial carpet  2 26 
Twice daily 1 63 Floor cleaning frequency 
Once daily 2 37 
First quartile        (0.0 -  3.7 %) 1 27 
Second quartile   (3.8 –  9.8 %) 2 27 
Third quartile      (9.9 – 21.9 %) 3 24 
Percentage of minority children 
Fourth quartile    (22  – 100  %) 4 22 
1 Absence of the characteristics (i.e. ‘no’) is assigned to a value of 0. 
 
3.3.4 Bivariate Associations between IAQ in CCCs and Allergens 
Der p 1 concentrations from the classroom floor were significantly higher (P = 0.026) with decreasing 
indoor temperature (Fig 3.3) whereas indoor temperature did not affect Blo t 5 levels significantly (P > 
0.10). Allergens of both mite species were more common with decreasing indoor relative humidity (P < 
0.05) but allergens levels were not associated with absolute humidity (P > 0.20) . AER of the CCCs were 
marginally associated with Blo t 5 concentrations (P = 0.074). No obvious associations of AER with Fel d 
1 and Can f 1 concentrations were found (Figure 3.4). However, higher prevalence of home cat owners in 
CCCs is associated with increasing Fel d 1 concentrations in the classroom floors (P = 0.031). No 
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association of prevalence of home dog owners in CCCs with Can f 1 concentrations was found. There 
were no associations between Bla g 1, Mus m1 and Asp f 1 concentrations with AER, temperature and 
relative humidity. 
 
3.3.5 Bivariate Associations between CCC Characteristics and Allergens 
Table 3.7 shows the results of comparing the concentrations of different allergens in CCCs with different 
characteristics. It is observed that Der p 1 concentrations were highest in ACMV CCCs. Can f 1 
concentrations were significantly high in classroom floors from ACMV CCCs. CCCs in very old 
buildings had elevated Der p 1 concentrations in floors.  CCCs situated in the outer city displayed high 
levels of Der p 1 and Can f 1 concentrations in classroom floors while Blo t 5 concentrations were higher 
in CCCs situated in central city and estate areas. Significantly, mite allergen concentrations were higher 
in CCCs with full or partial carpeting compared to CCCs with smooth floors. 
 
3.3.6 Multivariate Associations between CCC Characteristics and IAQ with Allergens Levels 
For classroom floor allergens, the final model (R2 = 0.22) for Der p 1 indicated that the allergen 
concentration was significantly higher for CCCs with floor with partial or full carpeting (β = 1.309; P = 
0.001) and marginally significant for CCCs with lower temperature (β = -0.128; P = 0.091). The other 
mite allergen, Blo t 5 (Model R2 = 0.11), higher levels were significantly associated with CCCs with floor 
using partial or full carpeting (β = 0.44; P = 0.030) and CCCs with lower AER (β = -0.038; P = 0.033). 
For Fel d 1, the final model (R2 = 0.05) showed that higher levels were significant for CCCs with higher 
prevalence of cat owners (β = 0.082; P = 0.031). In the model for Can f 1 (R2= 0.50), higher 
concentrations were observed in ACMV CCCs (β = 0.519; P=0.001) and CCCs located in city areas (β = 
-0.628; P=0.027). No associations of Mus m 1, Bla g 1 and Asp f 1 concentrations with any CCC 
characteristics and/or IAQ variables were found.  
 
Residuals of the reported multivariate regression analyses relating indoor temperature and log-
transformed Der p 1 concentration, air exchange rates and log transformed Blo t 5 concentration and 
percentage of cat owners and log-transformed Fel d 1 concentration showed that the means were zero and 
were distributed normally (Figure 3.5 and Table 3.8).  
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Figure 3.3 Bivariate associations between indoor temperatures, relative humidity and air exchange rates 
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Figure 3.4 Bivariate associations between prevalence of cat or dog owners in CCCs and air exchange 
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Table 3.7 Bivariate associations of CCC characteristics with allergens concentrations (see Table 3.4 for units) 
CCC Characteristics1 Der p 1 Blo t 5 Fel d 1 Can f 1 Mus m 1 Bla g 1 Asp f 1 
Building type 
Void deck 0.075 0.214 0.024 0.079 0.009 0.147 0.004 
Office building 0.212 0.203 0.017 0.234 … 0.659 0.004 
Single House  0.139 0.202 0.023 0.135 0.001 0.222 0.004 
Others 0.134 0.192 0.034 0.124 0.010 0.243 0.007 
Region 
North 0.102 0.224 0.019 0.086 0.015 0.314 0.004 
East 0.108 0.193 0.029 0.072 0.003 0.243 0.005 
Central 0.106 0.237 0.025 0.132 0.028 0.222 0.006 
West 0.091 0.189 0.027 0.170 0.003 0.107 0.004 
Ventilation strategies 
NV 0.042 0.193 0.026 0.068 0.008 0.095 0.004 
HB 0.057 0.194 0.024 0.063 0.002 … 0.002 
ACMV 0.448 0.231 0.019 0.791 0.57 0.659 0.003 
AC 0.067 0.234 0.029 0.299 0.004 0.222 0.003 
Building age 
1996-2005 0.043 0.195 0.021 0.237 0.007 0.181 0.004 
1980-1995 0.054 0.217 0.024 0.073 0.016 0.089 0.004 
1965-1979 0.038 0.171 0.027 0.104 0.002 1.125 0.005 
< 1965 0.207 0.292 0.035 0.138 0.002 0.222 … 
Location 
Central city 0.060 0.287 0.046 0.109 … … 0.004 
Outer city 0.276 0.205 0.018 0.342 0.010 0.329 0.006 
Estate 0.074 0.216 0.025 0.081 0.008 0.147 0.004 
Sub-urban 0.152 0.167 0.027 0.086 0.002 0.000 0.004 
Damp stains 
No 0.073 0.230 0.031 0.101 0.006 0.200 0.005 
Yes 0.044 0.198 0.023 0.113 0.007 0.182 0.004 
Mold 
No 0.050 0.206 0.027 0.097 0.009 0.173 0.004 
Yes 0.052 0.208 0.022 0.117 0.004 0.210 0.005 
Cats observed outside 
No 0.053 0.195 0.028 0.154 0.013 0.255 0.005 
Yes 0.048 0.215 0.023 0.081 0.003 0.152 0.004 
Dogs observed outside 
No 0.041 0.211 0.026 0.148 0.011 0.142 0.005 
Yes 0.058 0.203 0.024 0.075 0.005 0.211 0.004 
Cockroaches observed outside 
No 0.076 0.219 0.022 0.143 0.004 0.200 0.004 
Yes 0.032 0.196 0.026 0.093 0.016 0.182 0.005 
Mouse observed outside 
No 0.055 0.213 0.024 0.128 0.004 0.109 0.004 
Yes 0.044 0.200 0.026 0.082 0.016 0.655 0.004 
Floor surfaces 
Bare 0.035 0.184 0.025 0.101 0.007 0.157 0.004 
Full / partial carpet  0.120 0.277 0.026 0.126 0.006 0.382 0.005 
Floor cleaning frequency 
Twice daily 0.045 0.196 0.027 0.098 0.005 0.187 0.005 
Once daily 0.058 0.217 0.023 0.125 0.009 0.187 0.004 
Percentage of minority children 
First quartile 0.066 0.190 0.021 0.089 0.007 0.102 0.005 
Second quartile 0.116 0.193 0.024 0.130 0.090 0.656 0.005 
Third quartile 0.083 0.232 0.031 0.084 0.001 0.076 0.004 
Fourth quartile 0.136 0.187 0.026 0.145 0.008 0.069 0.005 
1 Values in bold are statistically significant (P < 0.05) 
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Figure 3.5 Residual plots of indoor temperature and log-transformed Der p 1 concentration (A), air 
exchange rates and log transformed Blo t 5 concentration (B) and percentage of cat owners and log-
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Table 3.8  Residual analyses of multivariate regressions relating indoor temperature and log-
transformed Der p 1 concentration (A), air exchange rates and log transformed Blo t 5 concentration (B), 
and percentage of cat owners and log-transformed Fel d 1 concentration (C). 
 Minimum Maximum Mean SD1 Normality2 
Residual (A) -1.627 3.136 0.002 1.015 Yes 
Residual (B) -3.208 2.944 0.002 1.006 Yes 
Residual (C) -1.940 2.604 0.000 1.004 Yes 




3.4.1 Baseline Data, Comparison and Distributions 
This study shows that the allergen levels in Singapore CCCs were low. In this study, only 2 out of 416 
dust samples were found to have Der p 1 concentrations higher than 2 μg/g while only 1 dust sample 
recorded Bla g 1 concentrations higher than 2 U/g. For other allergens, the levels were lower than the 
proposed thresholds for sensitization. However, it is to be cautioned that the threshold limits were 
developed for homes and its applicability in CCC settings is uncertain. Furthermore, concentrations under 
the threshold levels should not be written off due to the fact that they may pose a risk to a small but 
significant number of children. It has been reported that reactivity to the same allergens can vary by ten to 
a hundred fold (IOM, 2000) or even as much as a million fold (Dreborg, 1997) between people sensitized 
to the same allergen.  
 
Many studies have relied on reservoir allergen concentration as an index of exposure (see review and 
discussion of Platts-Mills et al., 1992). Unfortunately, home studies have shown that house dust mite and 
cat allergen distribution is highly variable in settled dust (Hirsch et al., 1998; Loan et al., 2003). Thus, 
isolated sampling of settled dust thus does not necessarily characterize the total burden of allergen in an 
indoor setting. Using only classroom floor samples ignores exposure by direct contact of the nose and 
mouth to hands and items (e.g., mattresses, curtains), which carry particles associated with allergens. In 
this study, it was found that classroom floor dust concentrations were significantly correlated with 
classroom curtains and mattresses for high prevalent allergens such as Der p 1, Blo t 5 and Fel d 1. Indeed, 
distributional variation seems to be insignificant for these allergens among the three niches within CCCs. 
These also indicate the possible utility of alternative niches used as surrogate marker of exposures.  
 
In this study, concentrations of Der p 1 and Blo t 5 in classroom floor and sofa dusts were modestly 
correlated suggesting that both mite species thrive together. Noticeably, the presence of one species does 
neither enhance nor reduce the presence of the other species. This finding is inconsistent with earlier 
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studies in tropical homes (Fernandez-Caldaz et al., 1993; Zhang et al., 1997) which reported no or 
negative correlations between Der p 1 and Blo t 5 levels. This study suggests that in tropical CCCs, 
concurrent measurements of the 2 allergens levels would provide a better total mite allergen exposure. 
 
As a whole, dog, mouse, cockroach and fungi allergen does not appear to be a major problem in the 
studied CCCs in terms of their allergen concentrations and number of detects. This observation is noted 
despite modest report of presence of dog, mouse and cockroach near CCCs and surface molds (58, 35, 55 
and 46% respectively) and that 57% of the CCCs are situated in void decks where rubbish collection areas 
are in close proximity. The mouse allergen levels were lower than those reported in Carolina CCCs in the 
US (Arbes et al., 2005) while cockroach allergen levels were also lower than those found in other CCC 
studies (Rullo et al., 2002; Arbes et al., 2005). 
 
Table 3.9 shows the comparison of floor dust concentrations of some allergens obtained from this study 
with those that have been performed elsewhere. In general, the allergen levels found in this study is lower 
as compared to other countries. Der p 1 levels were very low comparable to the cold Nordic CCCs where 
dust mites have been reported to be very minimal. Fel d 1 and Can f 1 concentrations were lowest in this 
study which is even lower than those recorded in allergen avoidance Swedish CCCs. Mus m 1 and Bla g 1 
concentrations were about the same for temperate climatic US CCCs. However, Bla g 1 concentrations in 
this study were lower than those reported in tropical Brazil CCCs.  
 
3.4.2 Associations of Allergens with CCC Characteristics and IAQ 
In this study, higher concentrations of Der p 1 on classroom floors were marginally associated with lower 
indoor temperatures (range of temperature studied spans from 21 to 310C) with no corresponding 
associations found for Blo t 5. This coheres with culture studies documenting thermo-tolerant behavior of 
the Blomia tropicalis (Yi et al., 1999) and thermo-sensitivity of the Dermatophagoides pteronyssinus  
(Cain et al. 1998) mite species. In addition, a multi-center study involving 10 European countries, Zock et 
al (2006) reported that Der p 1 allergen levels were higher in homes with increasing latitude suggesting 
that cooler home environments is favorable for the proliferation of dust mites population and thus their 
associated allergen may increase.  
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Table 3.9 Comparison of some indoor allergens measured for this study and studies elsewhere 
Reference Country, Climate Latitude CCC (N) Der p 1 Fel d 1  Can f 1 Mus m 1 Bla g 1 
Munir et al (1995) a Sweden,  Cold Nordic 59
0 21 N 7 0.016 1.6  4.3  … … 
Wickman et al (1999) a Sweden,  Cold Nordic 59
0 21 N 12/221 … 0.64/5.45 0.39/2.51 … … 
de Andrade et al (1995) c France,  Temperate 48
0 52 N 30 0.1-1.43 0.1-4.5 0.2-1.2 … … 
Engelhart et al (2002) b Germany,  Temperate 52
0 31 N 41 1.10 3 … … … … 
Arbes et al (2005) b North Carolina, US, Temperate 34
0 N 89 0.20 1.43 2.06 0.01 0.21 
Fernandez Caldas et al (2001) d Tampa, US, Tropical/Subtropical 27
0 58 N 20 5.4 … … … … 
Rullo et al (2002) b, c Sao Paulo Brazil, Tropical 23
0 34 N 4 1.3 3 Ud-1.15 Ud-3.35 … 1.4/1.34 
Zhang et al (1997) b Singapore, Tropical 1
0 17 N 10 0.3 0.03 0.1 … 0.7 
This study (2007) b Singapore,  Tropical 1
0 17 N 104 0.050 0.023 0.109 0.007 0.187 
All samples are from floor dusts unless otherwise stated. 1 Allergen avoidance CCCs (N = 12) / conventional CCCs (N = 22); 2 Mattress samples;  
3 Sum of Der p 1 and Der f 1 concentrations; 4 morning samples/afternoon samples. 5 Ud-undetected; a Median concentration;  
b Geometric mean concentration; c Range of concentrations; d Arithmetic mean concentrations. 
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Relative and absolute humidity have been reported to be the best guides for excess mite growth in the 
homes (Korsgaard, 1983; Sundell, 1994; Emenius et al., 1998). Most recently, Zock et al (2006) reported 
associations of higher winter temperatures with higher Der p 1 levels. The authors explained that cold 
winters in combination with heating reduce Der p 1 levels. In other studies, relatively cold winters in 
areas with a moderate climate in Germany and Netherlands caused a more than 2-fold decrease of Der p 1 
levels (Gehring et al., 2005; Brunekreef et al., 2005). The heating in colder winters reduce the absolute 
water contents in the air which do not provide optimal microenvironments for Dermatophagoides 
pteronyssinus to flourish subsequently leading to lower Der p 1 levels. However, no association of 
relative and absolute humidity and mite allergen content was found in this study. Because the indoor 
relative and absolute humidity in Singapore CCCs is always higher than 45% RH and 7 g/kg, which has 
been suggested to be critical for mite growth, therefore, humidity cannot be used as a determining factor 
for mite growth in the tropical climates (Figures 3.3 and 3.6). 
 














Inadequate ventilation is the most commonly reported factor associated with major IAQ problems in 
CCCs (Jaakkola, 2000) but few studies measured its relevance to settled dust allergens. Studies in cold 
Nordic homes have shown that higher levels of settled dust mite concentrations were common when 
ventilation rates are lower (Munir, 1995; Emenius et al., 1998). Apparently, this is due to indirect effects 
of decreased ventilation; increasing indoor humidity levels and thus dust mite levels (Collof, 1994; IOM, 
2000). In the tropics however, the situation is reversed with increasing humidity levels with increased 
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increasing Blo t 5. Since humidity is not a determinant for Blo t 5 allergens in CCCs, other factors related 
to increased AER could explain this association. Colloff, (1991) has hypothesized that dust mite 
populations in humid tropical and subtropical climates are more susceptible to the effects of minor 
fluctuations in temperature and humidity than those in temperate climates. Figure 3.7 shows the box plots 
of the diurnal variances of indoor CCC temperature and relative humidity stratified into different AER 
quartiles. Here, the diurnal variance of temperature and relative humidity for each CCC was computed 
using the one minute sampling data from 9am to 5pm. The variances of CCCs grouped into similar AER 
quartile were then computed. It can be observed that the AER in the fourth quartiles were associated with 
larger diurnal variances of indoor temperature and relative humidity in the CCC. The differences of the 
diurnal variances by ANOVA test was significant for relative humidity (P=0.017) and approached 
significance for temperature (P=0.074). Thus, it is most likely that in highly ventilated CCCs, greater 
fluctuations of temperature and humidity could result in the lower Blo t 5 concentrations.  
 
Figure 3.7 Box plots of the diurnal variances of indoor temperature and relative humidity stratified into 
air change rates quartiles. First quartile mean (N=30): 0.60h-1; Second quartile mean (N=31): 
2.03 h-1; Third quartile mean (N=31): 3.75 h-1; Fourth quartile mean (N=31): 9.67 h-1. 
 
 
Dust and allergens can accumulate in fabric floor (IOM, 1993) and studies have shown that allergen 
levels collected from carpeted floors were certainly higher than those from smooth floors (Dybendal & 
Elsayed 1992; Zock & Brunekreef, 1995; Arbes et al, 2005). The findings of higher levels of mite 
allergens in partial or fully carpeted floors using multivariate analyses in this study illustrates the 
independent influence of floor coverings in governing allergen dust mite exposures. Presumably, carpets 
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for dust mite growth and proliferation.  Though it is strongly discouraged for CCCs to use carpets (MOH, 
1998), approximately 26% of the CCCs use foldable carpets. Recommendations to remove these surfaces 
are necessary to reduce allergen exposure to children in CCCs. 
 
Allergens from cats and dogs have been reported to be found in CCC environments where pets are both 
held (Arbes et al., 2005).  While it is clear that the presence of cat and dog may contribute to the indoor 
levels of Fel d 1 and Can f 1, their absence may not preclude the occurrence of allergens since Fel d 1 and 
Can f 1 can be carried on clothing from homes with pets (Custovic et al., 1996; D’Amato et al., 1997). 
Wickman et al (1999) has documented that reduced exposures to cat and dog allergens can be observed in 
CCCs of children with no home pets. de Andrade et al (1995) found a correlation between the percentage 
of children who have cats and Fel d 1 levels in mattresses in French CCCs. For this study, levels of Fel d 
1 concentrations were associated with the prevalence of home cat owners. However, the same cannot be 
said for Can f 1 levels; the concentrations were not associated with prevalence of home dog owners. This 
could be related to the children’s lesser frequent dog contact, regular dog cleaning, lesser dog allergen 
shedding and/or poor statistical power (see below). Cats and dog allergens were not associated with CCC 
AER despite dilution effects of ventilation on airborne allergens have been reported (Wickman et al. 
1999). However, it is to be borne in mind that the allergens measured in this study are dust borne as 
opposed to airborne.  
 
It is unclear why higher dog allergen concentrations were associated with ACMV CCCs and CCCs 
outside the city area. It needs to be pointed out that only 33 dust samples from the floor was found 
positive to Can f 1. Thus, the power of the analyses may not be sufficient to gather a complete picture of 
the true determinant of Can f 1 levels. 
 
This study did not find any relation of surface dampness or molds with Asp f 1 concentration in dusts. 
Now, Asp f 1 is a major allergen produced by the mycelia of Aspergillus fumigatus and studies have 
shown that air samples collected from indoor environments that are damp consistently reported the 
presence of A. fumigatus (Taskinen et al., 1997). However, another study has revealed that while exposure 
to A. fumigatus is common, exposure to Asp f 1 and germinating A. fumigatus is uncommon (Sporik et al., 
1993). Other unmeasured factors affecting outdoor–indoor transport of A. fumigatus could play a more 
important role than just surface dampness or mold. These points could explain that visual observation of 
surface dampness or mold alone is insufficient to predict Asp f 1 levels. 
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To put all the above findings in perspective, it is essential to highlight that the R2 for the multiple 
regression analyses were low in general. The R2 values for Der p 1, Blot 5, Fel d 1 and Can f 1 were 0.22, 
0.11, 0.05 and 0.51 respectively. This implies that at most (Can f 1 in dust), only 51% of the variation was 
explained by the factors that were considered in the multivariate analyses. The explained variation of mite 
allergen concentrations (Der p 1 and Blo t 5) is also not very high. However, this reflects the current state 
of information as has been shown in many studies predicting allergen levels in homes (van Strien et al., 
1994; 2002; 2004; Giovannangelo et al. 2006). van Strien et al (1994) reported 25% of the variation in the 
Der p 1 concentration of dust from the beds of schoolchildren was explained by household characteristics. 
In later studies (van Strien et al., 2002; 2004), they reported only 10 and 21% of the variation explained 
by household characteristics. For cats and dog allergens, van Strien et al (2002) reported that household 
35 and 40% of the variations in the Fel d 1 and Can f 1concentrationa can be explained by household 
characteristics. Giovannangelo et al. (2006) reported that 61.7% of the Fel d 1 concentration was 
explained by the potential home predictors with the presence of cats in home explaining 33.2% of the 
variability. Despite this limitation, the fundamental aim to obtain some useful information for lowering 




This research presents a comprehensive cross-sectional study of exposure to indoor allergens in 104 
tropical CCCs in Singapore. A comprehensive panel of indoor allergens which includes Der p 1, Blo t 5, 
Fel d 1, Can f 1, Mus m 1, Bla g 1 and Asp f 1 were evaluated in niches from classroom floors, curtains, 
mattresses, kitchen floors and sofa.  Allergen levels were measured with antibody-based bioplex array or 
ELISA system and correlated with CCC indoor air quality and characteristics. Despite warm and humid 
climatic conditions year round, this study provides evidence of low indoor allergen levels in CCCs, 
generally below the health threshold limits developed for homes. The dominant allergens found in CCCs 
were Der p 1, Blo t 5 and Fel d 1. Each of these allergens sampled from the classroom floors, curtains and 
mattresses were statistically correlated with each other and no differences were observed between their 
levels. Determinants of allergens levels in the floor dusts were evaluated. This study showed that lower 
indoor temperatures were associated with higher Der p 1 but not Blo t 5 concentrations and that lower 
ventilation rates were associated with higher Blo t 5 but not Der p 1 concentrations.  Prevalence of cat 
owners was found to be a predictor for Fel d 1 concentrations. Full or partial carpeting is associated with 
higher dust mite allergen levels from the classroom floor. These findings provide baseline information for 
future indoor allergen exposure assessment studies in CCCs and can be used for intervention with regard 
to allergen avoidance.  






ON THE ASSOCIATIONS BETWEEN 
CCC CHARACTERISTICS WITH 
ASTHMA, ALLERGIES AND 
RESPIRATORY SYMPTOMS 
 
4.1 INTRODUCTION & LITERATURE REVIEW 
 
Indoor environmental complaints are one of the most common environmental health problems. Many 
studies evaluated indoor environmental complaints in residences (Ruotsalainen, 1995), offices (Bluyssen 
et al., 1995) and hospitals (Morawska et al., 1999a); however, very few investigators have examined the 
indoor exposures and the associated health complaints in CCCs. This is important as the well being of 
many young children can be affected (Nafstad et al., 1999). From the educational standpoint, the IAQ in 
CCCs may affect the health of the children and indirectly affect the learning performance later in life 
(Daisey et al., 2003). In Singapore, increasing numbers of children are attending CCCs.  
 
4.1.1 Health of Children Associated with CCCs Attendance  
It has been documented that children attendance in CCCs is associated with increased prevalence and 
severity of certain upper and lower respiratory infections (Anderson et al., 1988; Wald et al., 1988, 1991; 
Schwartz et al., 1994; Collet et al., 1994; Louhiala et al., 1995; Marbury et al., 1996; Churchill & 
Pickering, 1997). Such infections have been suggested to predispose children to obstructive airway 
diseases and reduced lung function associated with asthma symptoms at a later stage of their lives 
(Morgan & Martinez, 1992). Nafstad et al (2000) reported that early respiratory infections increased the 
risk of developing bronchial obstruction during the first 2 years of life and of having asthma at 4 years of 
age.  
 
Churchill & Pickering (1997) had reviewed the respiratory infections among children associated with 
child care attendance and documented 4 health outcomes: 1) otitis media, 2) sinusitis, 3) pharyngitis and 
                                                                                                                                   CCC Characteristics and Health 
  
 110
4) pneumonia. For respiratory illness, US children attending CCCs with parental history of atopy were at 
increased risk of illnesses of the upper (otitis media and nasal catarrh) and lower respiratory infection 
(Celedon et a;., 1999). However, in another US study, Marbury et al. (1997) reported that an increased 
risk of lower respiratory infections with child care attendance is not restricted only to children with family 
atopy. Nafstad et al (1999) reported that in Norway, child care attendance increased the risk of upper 
respiratory symptoms and infections in 3-5 year old children. In another Scandinavian study, Louhiala et 
al (1995) documented higher relative risk for common cold, acute otitis media and pneumonia.  
 
In terms of frequency and severity, Wald et al (1988) documented that children in day care were more 
likely to experience at least 6 respiratory infections, more than 60 days of illness and more than 4 severe 
illnesses (P <0.001). Following this report, they documented that mean duration of respiratory infections 
for children attending day care was longer than those home cared and that the former has a higher 
percentage of respiratory infections complicated by otitis media (Wald et al., 1991). Nafstad reported that 
Norweigian children attending CCCs had more nightly cough (OR 1.89), blocked or runny nose without 
common cold (OR 1.55), common cold (OR 1.21) and otitis media (OR 1.48). In an Australian study 
(Woodward et al., 1991), acute respiratory illness in children was found to be higher among those 
attending CCCs while similar findings were also found in Mexico (Hernandez et al., 1999). Among acute 
respiratory infections, of interest is the common cold, of which a large proportion is due to virus. It has 
been reported that viral infections of the upper and lower respiratory tract in children with asthma have 
been shown to precede exacerbations (Campbell et al., 1994; Shek & Lee, 2003). Osterholm (1994) 
reviewed that there were at least 10 viral and 7 bacterial agents associated with respiratory tract have been 
reported in child-care settings.   
 
For asthma, wheeze or allergy related symptoms, Celedon et al., (2002) reported that among children with 
maternal history of asthma, child care attendance was associated with an increased wheezing. Earlier, 
they have reported that a parental history of asthma among children CCC attendees increased the rate 
ratio of children diagnosed sinus trouble and recurrent wheezing (Celedon et al; 1999). Marbury et al. 
(1997) reported an increased risk of recurrent wheeze with child care attendance. In Norway, the 
associations with asthma, hay fever and wheeze were found not to be significant (Nafstad et al., 1999; 
Kvaener et al., 2000). Using a case-control study in Singapore, child care attendance was associated with 
wheeze at night, wheeze on waking, longer time since first ever asthma and higher mean coughs at night 
(Connett et al., 1994). However, the study was clinical based in a hospital and therefore cannot be 
extrapolated to the general population. Hagerhad-Engman et al (2006) reported more asthma and allergic 
symptoms and airway infections among children cared in CCCs compared to children cared at home. 
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Indeed, the literature pertaining to CCC attendance and adverse respiratory effects is generally coherent. 
Table 4.1 is a summary of studies of health effects among children associated with CCC attendance. 
 
Table 4.1    Upper and lower respiratory illness and asthma, asthma and allergy related symptoms  
   among children associated with child care attendance  
Reference and Study 
Design 
Age Country , 
climate 
Upper respiratory 
illness (URI) 1 
Lower respiratory 




Anderson et al (1988) 0-24 mths US, 
Temperate 
 Hospitalization - LRI  
   OR 2.96 (P<0.05 ) 
  
Wald et al (1988)  
Cohort  







- more likely to 
get at least 6 
infections 
- more likely to 
get at least 6 
illness 
Hospital admission 
from respiratory tract 
infection/illness  
-higher likelihood.
   
Wald et al (1991)  
Cohort  





Days of respiratory 
tract infection by 
age, 
- <1 yrs;  8.9 as 
compared with 7.3 
for home care  
- 1-2 yrs; 7.3 as 
compared with 6.6 
for home care 
- 2-3 yrs; 7.8 as 
compared with 6.8 
for home care 











Woodward et al (1991)  
Case-control 
(N = 2618) 
2-3 years Australia Acute respiratory 
illness 
 OR 2.2 ( 1.4-3.6) 
   
Connet et al (1994)  
Case-control 
(N=49) 
2-4 years Singapore, 
Tropical 
Cough at night 
difference of  
2.6  (0.6-4.5) 
 
 Wheeze at night 
difference of  
1.4 (0.3-2.5) 
Wheeze on waking 




 difference of  
0.4 (-0.3-11) 
Time since most 
recent severe attack
difference of  
0.7 (-3.1-4.4) 
Time since first ever 
asthma 
difference of  
6.5 (1.6-11.4) 
 
Louhiala et al (1995)  
Retrospective cohort 
(N = 2568) 
1-7 years Finland, 
Cold Nordic
Common cold 
  RR 1.2 ( 1.1-1.3)
Acute otitis media
  RR 1.7 ( 1.5-1.9)
Pneumonia 
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Continue Table 4.1 
Reference and Study 
Design 
Age Country , 
climate 
Upper respiratory 
illness (URI) 1 
Lower respiratory 




Marbury et al (1997)  
Cohort 
(N=1268) 
< 2 yr US, 
Temperate 
… Bronchiolitis 
     OR 1.8 ( 1.3-2.5) 
Pneumonia 
     OR 1.7 ( 1.3-2.4) 
Bronchitis 
     OR 2.1 ( 1.6-2.8) 
Croup 
     OR 1.7 ( 1.3-2.3) 
Wheeze associated 
respiratory illness 
    OR 2.3 ( 1.8-2.5) 
 
Nafstad et al. (1998)  
Cross-sectional 
(N = 3853) 
4-5 yrs Norway, 
Cold Nordic
Common cold 
   OR 1.6 ( 1.2-2.3)
Pharyngytis or 
tonsillitis 
  OR 1.0 ( 0.7-1.3) 
Otitis media 
   OR 1.5 ( 1.2-2.0)
Cough during the 
night 
   OR 1.9 ( 1.3-2.7)
Blocked or runny 
nose without 
common cold 
   OR 1.6 ( 1.1-1.6)
Bronchitis 
     OR 0.9 ( 0.6-1.4) 
Pneumonia 
     OR 1.3 ( 0.7-2.7) 
Chest tightness  
     OR 1.5 ( 0.9-2.5) 
Asthma  
    OR 1.24 ( 0.7-1.9) 
Hay fever  
    OR 1.4 ( 0.8-2.6) 
Wheeze  
    OR 1.2 ( 0.6-2.2) 
 
 








RR 5.3 ( 3.5-7.8) 
… …  
Celedon et al (1999)  
Cohort  








    OR 2.4 ( 1.7-3.6)
Nasal catarrh 
    OR 3.2 ( 1.9-5.5)
Lower respiratory 
infection      
    OR 1.6 ( 1.0-2.4) 
Sinus trouble 
     OR 2.2 ( 1.1-4.2) 
Wheeze  
     OR 1.4 ( 0.9-2.0) 
 
Kvaener et al (2000)  
Cross-sectional 
(N = 3853) 
4-5 yrs Norway, 
Cold Nordic
Acute otitis media 
     OR 1.5 ( 0.95-2.4)
Tonsillopharyngytis 
    OR 1.3 ( 0.9-2.5) 
Common cold 
    OR 1.6 ( 1.3-2.1) 
… Chronic rhinitis  
   OR 1.2 ( 0.6-2.5) 
 
Celedon et al (2002)  
Cohort  







  Wheeze  
    RR 1.6 ( 1.0-2.5) 
Risk of 
wheeze at 
age 6 years 
old 




1-6 yrs Sweden, 
Cold Nordic
Ear infection ever 
     OR 2.1 (1.9-2.5) 
More than 6 colds 
OR 1.3 (1.1-1.5) 
 
 Wheeze 
OR 1.3 (1.1-1.6) 
Asthma 
OR 1.2 (.9-1.7) 
Rhinitis 
OR 1.2 (0.9-1.4) 
Eczema 
OR 1.5 (1.2-1.8) 
 
1Effect estimate or mean difference in italic are not statistically significant 
 
4.1.2 Review Process for Studies on CCC Characteristics Associations with Health 
The main aim in this review section is to assess the evidence for the relationships between indoor 
characteristics of CCC with asthma, allergies and respiratory symptoms. Due to the limited studies 
conducted on associations of CCCs with health (see below), this review also includes findings on a 
broader range of indoor environments: potential adverse effects of some office and homes environments 
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on their occupants. It is to be noted that that specific motivations, operations, building designs and aspects 
of these different environments could vary substantially between CCC and non-CCC environments and 
between preschool children and adults. However, the potential similarities across these different 
environments in the relationship between CCC characteristics and health warrant inclusion of some of 
these studies in the review.  
 
The CCC characteristics of interest in this review include ventilation strategies, dampness and molds, 
building materials, cleaning and maintenance and outdoor sources of pollution. Findings from studies 
documenting the associations between each CCC characteristic with children’s asthma, allergies and 
respiratory symptoms were classified into three categories: 1) strongly suggestive evidence of an 
association; 2) suggestive evidence – requiring more than one reasonably well-designed study on the 
association; or 3) sparse, or no evidence, or inconsistent evidence of an association. For some 
characteristics which consistently show evidence of associations with health in non-CCC environments, 
they were classified as suggestive evidence at most.  
 
4.1.3 Ventilation Strategies and Health 
Ventilation strategies, in particular, can play a significant role in health symptoms of people. A substantial 
body of research in non-industrial office environments has associated air-conditioning ventilation systems 
with sick-building syndrome (SBS) symptoms (Mendell and Smith, 1990; Mendell, 1993). In a strongly 
designed study, Mendell et al (1996) reported the prevalence of SBS symptoms among 880 Californian 
office workers in 12 public office buildings. The authors found that relative to natural ventilation, office 
workers in mechanically ventilated and air-conditioned buildings have higher adjusted prevalences of 
symptoms. Indeed, reviews of epidemiological literature (Mendell and Smith, 1990; Mendell, 1993, 
Brightman & Moss; 2000; Seppanen and Fisk, 2002) revealed that relative to natural ventilation, air-
conditioning was consistently associated with an increased prevalence of symptoms among occupants in 
office buildings. The prevalence odds ratios (POR) reported for upper respiratory/mucous membrane 
range from 1.4 to 2.9 in air-conditioned buildings and 0.8 to 1.7 in mechanically ventilated buildings 
(Mendell & Smith, 1990; Mendell et al., 1996) relative to naturally ventilated buildings. The 
corresponding PORs for lower respiratory symptoms range 0.6 to 4.3 in air-conditioned buildings and 0.5 
to 3.6 in mechanically ventilated buildings relative to naturally ventilated buildings. Among the 
covariates used to control for confounding are whether the occupants are asthmatics or allergic indicating 
their higher susceptibilities to exposures.  
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Indoor air researchers have often hypothesized that surfaces within ventilation systems, when wet and 
dirty for extended periods, allow growth of microorganisms and subsequent releases into the indoor air 
that cause allergic, irritant, or toxic health effects, especially in susceptible groups (Batterman & Burge, 
1995; Mendell et al., 1996). Indeed, recent findings have documented that ventilation systems may 
themselves be sources of indoor air pollution in old and even new buildings (Bluyssen et al., 2003) and 
are associated with health problems in complaint (Mendell et al, 2003) and non-complaint buildings 
(Mendell et al, 2006).  
 
Prior research has generally found an increase in SBS symptoms with lower ventilation rates (Wargocki 
et al., 2000; Wargocki et al., 2002). Seppanen and Fisk (2002) hypothesized that air-conditioned and 
mechanically ventilated buildings, tend to have lower ventilation rates than naturally ventilated buildings, 
leading to higher indoor concentrations of indoor-generated pollutants that cause symptoms. Reviews by 
Seppanen et al (1999) and Godish and Spengler (1996) concluded that outdoor air supply rates below 10 
Ls-1person-1 in offices can increase the risk of SBS. Seppanen and Fisk (2002) concluded that such low 
ventilation rates in mechanically ventilated buildings are very common. It was shown in Chapter 2, that in 
AC and ACMV CCCs, the fresh air amounts were 1.0 and 1.6 Ls-1person-1 while in NV and HB CCCs, 
the levels were 15.4 and 9.2 Ls-1person-1 respectively.  
 
Although associations between SBS with ventilation factors have been consistently documented, research 
has often not considered asthma, allergies, lower respiratory symptoms (including cough, phlegm) or 
infections (including pneumonia, bronchitis, bronchiolitis, croup). Ironically, these health outcomes are 
the least commonly reported symptoms assessed in indoor environments (Park et al., 2004; Mendell et al, 
2006) but could potentially indicate serious health concerns.  
 
4.1.4   Ventilation and Respiratory Symptoms  
Several studies have reported significant associations between low ventilation rates and increase in non-
allergic respiratory symptoms: pneumonia, upper respiratory illnesses, influenza and short-term sick leave, 
respectively (Brundage et al. 1988; Drinka et al. 1996; Milton et al. 2000; Shendell et al., 2004, Myatt et 
al., 2005). Brundage et al (1988) performed a multiyear study among army subjects. The authors reported 
that rates of acute respiratory illness with fever are 50% higher among army subjects housed in newer 
barracks with closed windows, low outdoor air supply rates with recirculation compared to subjects in 
older barracks with frequently opened windows. Drinka et al (1996) documented an influenza outbreak in 
four nursing building homes. They reported that the building with 100% outside air, installed air filters 
and less crowding had the lowest prevalence of infections and influenza viral detects from 
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nasopharyngeal and throat swabs compared to other buildings with 30 to 70% recirculated air. Milton et 
al. (2000) reported the association between ventilation rate with sick leave based on strong study 
involving for 3720 employees in 40 buildings using 115 independently ventilated areas. Among office 
workers, the relative risk for short-term sick-leave was 1.53 (1.22–1.92 95% C.I.) with the estimated 
ventilation of 12 L/s-1 person-1 compared with a ventilation rate of 24 L/s-1 person-1. Shendell et al. (2004) 
documented higher indoor CO2 concentrations (indicating less ventilation) in classrooms associated with 
increased student absence. Myatt et al. (2004) demonstrated an association between the probability of 
detecting airborne rhinovirus and weekly average CO2 concentration suggesting that occupants in 
buildings with low outdoor air supply may have an increased risk of exposure to infectious droplet nuclei 
emanating from a fellow infected building occupant. These consistent findings are a persuasive indication 
of the association of low ventilation rates with infections among building occupants. 
 
4.1.5 Associations of CCC Dampness with Asthma, Allergies and Respiratory Symptoms 
It has been reported that children exposed to home dampness were at increased risk of asthma, allergies 
and respiratory symptoms (IOM, 2004; see Chapter 5). In the CCC setting, earlier studies have revealed 
conflicting evidence documenting both the presence and absence of associations between dampness and 
studied symptoms among children. Koskinen et al (1997) compared respiratory symptoms and infections 
in children (3-7years old) in two Finnish day care centers with visible mold growth on interior walls with 
two reference day care centers (without any mold growth). Records from parents showed that children in 
day care centers with mold problems have significantly increased risk of sore throat, purulent and non-
purulent nasal discharge, nasal congestion, hoarseness and cough. In general, it was found that morbidity 
for respiratory symptoms and common cold were higher in moldy day care centers than the two reference 
day care centers. Earlier, Koskinen et al (1995) had reported that absenteeism among children in the 
mold-exposed day care center was almost double that in the non-exposed day care center. These two 
studies however, reported only crude associations and did not account for potential confounders. 
 
In a well designed study controlled for the influence of potential confounders, Nafstad et al (2005) did not 
find any associations between CCC dampness and asthma, allergies and respiratory infections among 
attending Norwegian children. The authors conducted a cross-sectional study among 942 children 
attending 175 CCCs in Oslo, reporting dampness problems of up to 51% of the CCCs. The POR for the 
associations of CCC dampness with wheeze was 1.01 (95% CI: 0.42-2.47), nocturnal cough 1.23 (95% CI: 
0.84-1.81), asthma 0.76 (95% CI: 0.40-1.42), hayfever 1.12 (95% CI: 0.49-2.59), common cold 1.08 
(95% CI: 0.64-1.81) and bronchitis 1.52 (95% CI: 0.78-2.96). Although, consistently higher symptoms 
among workers exposed to dampness in CCCs were reported in some nationwide studies in Finland 
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(Ruotsalainen et al., 1995) and Taiwan (Li et al. 1997b), no complementary reports were found for 
children’s health associations with CCC dampness in these countries. In the homes, consistent data 
relating children’s asthma and allergies with dampness were found (IOM, 2004). 
 
4.1.6 Associations of CCC Building Materials with Asthma, Allergies and Respiratory Symptoms 
Building materials in CCCs may act as sources of chemicals and particles in the indoor air (Jaakkola, 
2000). Furniture, ceiling types, floor and wall coverings, painting and renovation could contribute to 
harmful emissions with potential health implications. Unfortunately, there is a paucity of information on 
the associations of building materials in CCC settings with asthma, allergies and respiratory symptoms. 
Recent studies performed in the home setting have shown that building materials were associated with 
asthma and allergies among children (Jaakkola et al., 1999; 2000; 2004). These building materials include 
carpet, vinyl flooring, wall paper, new furniture, renovations and painting emissions, providing suggestive 
evidence of possible relationships between materials in the CCCs with health endpoints of attending 
preschool children. 
 
In the home settings, two well-designed studies among preschool children by Jaakkola et al (1999; 2000) 
showed that PVC flooring is associated with higher risk of bronchial obstruction (OR 1.9; 95% CI: 1.1-
3.1) while plastic wall paper is significantly associated with persistent wheezing (POR: 3.4; 95% CI: 1.1-
10.4), persistent cough (POR: 2.4; 95% CI: 1.0-5.6) and persistent phlegm (POR: 2.8; 95% CI: 1.0-7.4). 
The associations between wall paper and asthma and allergic rhinitis were positive but non-significant 
(POR: 1.5; 95% CI: 0.4-6.7 and POR: 1.2; 95% CI: 0.4-4.0 respectively). Among older children (8-12 
years old), Jaakkola et al (2004) reported significant associations of current wheezing with new linoleum 
flooring (POR: 1.4; 95% CI: 1.0-1.9), new synthetic carpet (POR: 1.7; 95% CI: 1.2-2.4) and allergy 
symptoms with new linoleum flooring (POR: 1.3; 95% CI: 1.1-1.7), new synthetic carpet (POR: 1.4; 95% 
CI: 1.1-1.8), new wall coverings (POR: 1.3; 95% CI: 1.1-1.5),  recent painting (POR: 1.3; 95% CI: 1.1-
1.5), new particleboard (POR: 1.5; 95% CI: 1.1-2.0) and new furniture (POR: 1.4; 95% CI: 1.2-1.8). 
Emenius et al (2004a) had shown that recurrent wheezing for 2 yr olds Swedish children were 
significantly associated with repainting, particularly in the child’s bedroom (OR: 1.7; 95% CI: 1.1-2.6). 
Garrett et al (1999) showed that formaldehyde concentrations (an emission product from wooden 
materials (see Chapter 2)) were associated with increased asthma and sensitization. In a review by 
Mendell (2006), it was reported that statistically significant ORs associating household formaldehyde 
levels with asthmatic and allergic effects range from 1.4 to 8.0.  
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4.1.7 Associations of CCC Cleaning and Maintenance with  Asthma, Allergies and Respiratory 
Symptoms 
Due to legislative requirements in Singapore (MOH, 1998), CCC operators have to comply with strict 
requirements on the frequency of cleaning, but not on the type of cleaning agents. Thus children in CCC 
can be exposed to a wide variety of airborne chemicals when cleaning agents are used in buildings. Some 
of these chemicals are toxic and hazardous (Nazaroff & Weschler, 2004). Furthermore, many cleaning 
agents contain chemicals that can react with other air contaminants to yield potentially harmful secondary 
products (Singer et al., 2006). Although, few case reports and epidemiologic studies reviewed by 
Nazaroff and Weschler (2004) provided suggestive evidence that emissions from cleaning products were 
associated with asthma, allergies and irritation among older workers, there has been no study that 
evaluates similar associations among children in the CCCs. The existence of studies among older workers 
for associations with health effects suggests that cleaning and maintenance in CCCs deserves to be looked 
into for preschool children. 
 
4.1.8 Associations of Outdoor Pollution Sources of CCC with Asthma, Allergies and Respiratory 
Symptoms 
Chapter 2 showed that children in CCCs could be exposed to sources of outdoor pollutants. Some of the 
outdoor pollutants originate from traffic, car-parks, construction and industrial sites and waste dump. 
Martilla et al (1994a; 1994b) investigated the impact of indoor ingress of malodorous sulphur compounds 
which include hydrogen sulphide and methyl mercaptan released by a pulp mill. The authors found that 
long term exposures to these compounds among 134 children were associated with nasal symptoms, 
cough and headache.  
 
No studies have been performed to evaluate associations of traffic pollution sources near CCCs with the 
health of attending children. This is despite other studies elsewhere have provided suggestive evidence 
that the exposures to traffic near homes were associated with asthma and allergies among children (Lee et 
al., 2003; Nicolai et al., 2003; Zmirou et al., 2004; Spengler et al., 2004; Gauderman et al., 2005; 
McConnell et al., 2006a) (see Chapter 6). 
 
4.1.9 Summary of Literature Review and Knowledge Gap Identification 
From the literature review, it was found that there is very little research being performed to evaluate the 
associations of CCC characteristics and asthma, allergies and respiratory symptoms.  Very few directly 
relevant research is available with only six studies (of which only two were considered to have strong 
designs) assessed relations between some CCC characteristics and the health of attending students or 
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teachers. The most commonly studied CCC characteristic was presence of dampness and mould. 
Koskinen et al (1995; 1997) reported associations of some endpoints with presence of molds in CCCs 
while Nafstad et al (2005) did not find any association with asthma, allergies and respiratory infections. 
Although, suggestive evidence of a consistent association of increased SBS symptoms among CCC 
workers with CCC dampness were reported in the literature, the same were not evident for attending 
children (Ruotsalainen et al., 1995; Li et al., 1997b; Rylander, 1997). Inconsistent evidence from the 
reviewed studies link presence of dampness and molds with asthma, allergies and respiratory symptoms. 
In Singapore, the high humidity and temperature favors the proliferation of molds in the interior surface 
(Lim et al., 1989; Chew, 2004). Preschool children attending CCCs that are damp can be exposed to these 
conditions year round. 
 
From the office studies conducted in the US, there appears to be suggestive evidence of an association 
between ventilation types with respiratory symptoms. Building ventilation strategies play an important 
role in the health of occupants with adverse health effects found to be consistently associated with air-
conditioned and mechanically ventilated buildings relative to naturally ventilated ones. This is attributable, 
either due to contamination of ventilation systems and/or reduced ventilation rates. While most of the 
literature describe health endpoints as SBS symptoms, the study on allergic and respiratory symptoms is 
essential in view of their global increase in prevalence and serious health concerns. From chapter 2, it was 
shown that differences in the 4 ventilation strategies adopted in CCCs in Singapore lead to differences in 
IAQ and exposures to children which could potentially be harmful. Considering that prevalence of lower 
respiratory symptoms among some adults were higher in those exposed to air-conditioning and 
mechanically ventilated system relative to natural ventilation (Mendell et al., 1996; Mendell et al., 2006), 
the potential effects arising from children’s exposure to these ventilation strategies may be equally or 
more important. Children are uniquely at risk from harmful indoor exposures more than adults because of 
their immature immune systems and developing organs, breathe more rapidly and often through their 
mouths (Bates, 1995; Bearer, 1995).  
 
There is a paucity of information on the associations of CCC building materials, cleaning and 
maintenance and outdoor pollution sources with asthma, allergies and respiratory infections. From home 
studies, suggestive evidence that link some building materials in the homes and outdoor traffic conditions 
to asthma, allergies and respiratory symptoms among children (Garrett et al., 1999; Jaakkola et al., 1999; 
2000; 2004; Jaakkola, 2000; Mendell, 2006; McConnell et al., 2006a; Gauderman et al., 2005; Zmirou et 
al., 2004; Lee et al., 2003; Nicolai et al., 2003) seem likely to apply to CCC as well. This has not been 
evaluated especially in the tropics. In Singapore, primarily due to land constraints, many buildings where 
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CCCs are located are close to roads. Suggestive evidence can also be found for the link between outdoor 
pollution sources from factory with respiratory symptoms among children. 
 
Finally, the literature pertaining CCC attendance and adverse respiratory effects is generally coherent 
showing increased risks of asthma, allergies and respiratory health. Current literature has not revealed 
however, what characteristics of the CCC are associated with adverse health among attending children. 
Information deriving from this will be very useful for CCC operators by implementing measures to avoid 
characteristic/s that is/are associated with respiratory symptoms. 
 
In summary, literature documenting associations of CCC characteristics with health endpoints within 
Singapore or elsewhere is rare in the literature. It has been reported that 90% of the children in Singapore 
attend some form of child care centers (Chew et al., 1999a). Due to the large number of children attending 
CCCs, small excess risks associated with CCC characteristics could have significant public health 
consequences. Research is needed to systematically investigate the associations of different CCCs 




The purpose of the present study is to investigate whether asthma, allergic and respiratory symptoms 
among CCC attending children are associated with CCC characteristics. CCC characteristics to be 
evaluated are ventilation strategies, dampness, building materials, cleaning and maintenance and outdoor 
sources of pollution. This makes up Objective 3 in page 14. Based on the review, the specific hypotheses 
of this study are; 
♦ Relative to natural ventilation, air-conditioning in CCCs may be associated with higher risk of 
respiratory symptoms among preschool children 
♦ Preschool children exposed to dampness/molds in CCCs are associated with higher risk of asthma, 
allergies and respiratory symptoms 
♦ Preschool children exposed to some CCC building materials (especially wooden materials – 
indicators of formaldehyde emissions; vinyl flooring) are associated with higher risk of asthma, 
allergies and respiratory symptoms 
♦ In CCCs situated near roads that are bigger and with heavy traffic densities, and industrial 
factories, attending children are associated with higher risk of asthma, allergies and respiratory 
symptoms 
♦ Children attending CCCs with high frequencies of cleaning are associated with higher risk of 
asthma and allergies 
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4.3 METHODS AND MATERIALS 
 
A cross-sectional design was adopted for this study. From the Ministry of Community Development, 
Youth and Sports’ database of 687 CCCs in Singapore, 120 CCCs (18%) were randomly selected.  
 
4.3.1 CCC Characteristics – Exposure Variables 
All the CCC buildings were inspected and details of their characteristics were noted using a standardized 
evaluation form (see Appendix B). Ventilation strategies of the CCCs were classified as NV - natural 
ventilation (reference), HB- hybrid ventilation, ACMV – air conditioning and mechanical ventilation and 
AC- air conditioning (AC) (see Chapter 2 for definitions). For CCC dampness indicators, information 
such as visible signs of damp stains and mold in the construction were collected.  
 
For building materials, different variables were looked into: 1) CCC wall type – concrete (reference), 
gypsum board, wooden panels, painted murals; 2) CCC flooring type – ceramic or concrete tiles 
(reference), plastic tiles (vinyl), wood panels, full carpeting; 3) CCC ceiling type – concrete  (reference), 
particle boards, wood panels, others (e.g. metal panels); 4) CCC curtain type – none (reference), blinds, 
textile; 5) CCC recent painting – no (reference) or yes (in the past year); and 6) CCC recent renovation – 
no (reference) or yes (in the past year); 7) CCC shelf type – pressed wood materials (reference) or plastic. 
 
For CCC cleaning and maintenance, the variables studied include: 1) Floor cleaning frequency; 2) Shelf 
cleaning frequency; 3) Curtain cleaning frequency; 4) Toilet cleaning frequency; 5) Toy cleaning 
frequency; and 6) Mattress cleaning frequency. The maintenance staff were interviewed about the 
cleaning frequencies in the CCCs and whether the cleaning methods include the use of detergents. 
 
Three main outdoor pollution variables were evaluated. These are: 1) CCC traffic type – small local street 
(reference), local street, expressway; 2) CCC traffic density – light (reference), medium, heavy; 3) CCC 
other pollution – none (reference), industrial factories, waste dump, car parks, construction works. 
 
4.3.2 Questionnaire Survey 
The parents of the children attending these CCCs were the respondents for the questionnaire survey. All 
children that were on full-time enrollment (45 hr/week) were included in this study while those who were 
not on full-time enrolment or had just recently (less than a year) enrolled in the CCCs were excluded. The 
questionnaires were distributed to the children based on the CCC’s registers and collected by the 
respective class teachers after up to 3 reminders. Most of the surveys were conducted in English and only 
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a small number of non-English-speaking parents required Mandarin translations (8.3%). In the study 
population, 10 CCCs were randomly chosen to provide the age, gender and race of the non-respondents. 
 
For asthma and allergic symptoms, the international study of asthma and allergies in childhood (ISAAC) 
written questionnaire (Asher et al., 1995) was used. The study concentrates on current wheezing episodes, 
“doctor-diagnosed” asthma, current allergic rhinitis and rhinoconjunctivitis, current eczema and flexural 
rash symptoms. For respiratory symptoms, the American Thoracic Society and the Division of Lung 
Diseases (ATS-DLD) of the National Heart, Lung, and Blood Institute, USA respiratory symptom 
questionnaire was used (Ferris, 1978). The study concentrates on current symptoms of chronic cough and 
phlegm with colds or flu, attacks of cough and lower respiratory illnesses. The validity for the use the 
questionnaires in determining their sensitivity and specificity for a particular health outcome has shown 
consensus for their use (Burney et al., 1989; Pearce et al., 1993; Toren et al., 1993; Asher et al., 1995). 
All the health outcomes were defined in Table 4.2. 
 
Table 4.2 Health outcomes of study and their definitions 
Health Outcome Definition 
Asthma and allergies - ISAAC questionnaire 
Wheeze Had wheezing/whistling in the child’s chest for the past year 
Asthma Ever told by a doctor that child has asthma for the past year 
Rhinitis Runny or blocked nose apart from cold/flu for the past year 
Rhinoconjuctivitis Runny or blocked nose accompanied by itchy or watery eyes apart from cold/flu for the past year 
Eczema Itchy rash for the past year 
Flexural rash Itchy rash in the folds of elbows, knees, ankles, buttocks, around the neck, cheeks, ears or eyes for the past year 
Respiratory symptoms – ATS-DLD questionnaire 
Chronic cough 
 
Cough with cold/flu most days for as much as 3 months or more per year for the 
past year 
Chronic phlegm  
 
Full of phlegm in the chest or bring up phlegm with cold/flu most days for as 
much as 3 months or more per year for the past year 
Attacks of cough  
 Gets attack of cough lasting for 1 week or more per year for the past year 
Lower respiratory illness1 
 
Ever told by a doctor that child has bronchitis / bronchiolitis / croup / pneumonia 
for the past year 
1 Croup is actually a disease of the middle airways (Graham, 1990) but is commonly included in studies of lower 
respiratory illness (Glezen & Denny, 1973). 
 
The questionnaire also included questions on potential confounders which include the child’s age, gender, 
ethnicity, home characteristics (dampness, floor and wall coverings, air conditioning, outdoor traffic 
pollution, cooking fuel types), food allergy, ETS exposure, maternal and paternal atopy, preterm births, 
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breastfeeding, number of siblings, current pet exposure and current symptoms of respiratory infections. 
Socio-economic status (SES) of the children was assessed by including questions on household income 
(Goh et al., 1996). The parents were asked to state whether they had chosen to avoid air conditioned 
CCCs  or CCCs near traffic sources because of allergic and respiratory diseases ('an avoidance behavior'), 
that is, whether they had avoided these CCCs because of allergy (yes/no), or had changed CCC for the 
same reason (yes/no).  
 
Information on the questionnaires was entered onto the computer exactly as recorded by the parents. The 
entry of data was checked by using double entry. Prevalences were calculated by dividing the number of 
positive responses to each question by the number by the number of completed questionnaires.  Apparent 
inconsistencies between stem and branch questions were noted. 
 
4.3.3 Statistical Analyses 
The questionnaire data were initially analyzed by cross-tabulation and evaluated where appropriate, using 
the χ2 or Fisher’s Exact test. In comparing the prevalence of health endpoints among different exposure 
groups, computation of the prevalence ratios - PR (relative risk) and 95% confidence intervals (95% CI) 
was performed.  
 
The use of PR as an effect measure for cross-sectional data has been discussed in various epidemiology 
and medical journals (Lee, 1994; Zocchetti et al., 1997). Undeniably, a cursory overview of the same 
journals will substantiate that the odds ratio (OR) is more frequently reported than PR. Although, there is 
no dispute that PR and OR will approximate each other for a rare disease (Cornfield, 1956; Miettinen, 
1976; Greenland, 1987), they are very discrepant for common diseases as Zochetti et al. (1997) has 
mathematically established. Other pitfalls in studies using OR for cross-sectional data includes 
dependence on the duration of the disease and persistence of confounding even when the study base is 
itself unconfounded in terms of prevalence data (Lee & Chia, 1993; Axelson et al., 1994). Thompson et al 
(1998) has convincingly shown that the PR is conservative, consistent and interpretable relative to the 
incidence density ratio (IRR). Above all, PR has been reported to be more interpretable than the OR 
(Axelson, 1994; Thompson et al., 1998; Katz, 2006). Indeed, ORs have been mistakenly interpreted as 
being equivalent to the relative risk (Lee and Chia, 1995; Davies et al., 1998; Katz, 2006). Some good 
examples of the use of OR resulting in misinterpretations have been published elsewhere (Mendell, 1992; 
Schwartz et al., 1999). 
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Unlike OR, computation of PR does not involve the straight forward use of a ready statistical software 
program (Zochetti et al., 1997; Skov et al., 1998; Barros & Hirakata, 2003; Lumley et al., 2006). Several 
methods have been proposed to estimate PR for high prevalence outcome (Skov et al., 1998; Barros & 
Hirakata, 2003). The methods are Cox proportional hazards (Lee, 1994), log-binomial regression (Skov et 
al., 1998) and Poisson regression (Barros & Hirakata, 2003). Skov et al (1998) and Barros & Hirakata 
(2003) applied these techniques and concurred that point estimates of the models were close to the true 
parameters with Cox regression producing conservatively wide intervals. For this study, computation of 
the PRs and 95% CI is by using the modified Cox proportional hazard regression model, with assumption 
of a constant risk period (Lee, 1994) 1.  
 
The relationships of different CCC characteristics and prevalence rates of above questionnaire-based 
health endpoints were modeled as described above. Based on the conceptual model presented in Figure 
1.4, the following variables were identified to be potential confounders for the relation between exposure 
variables and different health endpoints: gender, age, race, SES, housing type, food allergy, familial atopy, 
breastfeeding, avoidance behavior, number of siblings, birth order, home occupant density, sharing rooms 
with siblings, respiratory infections, asthma, ETS exposure, home dampness, home air conditioning, 
home plastic flooring, home wall paper, home pet exposure, home gas cooking fuel, home traffic density 
and other variables.  
 
For this study, 2 confounder selection strategies were considered for adjustments to determine the 
independent effects of CCC variables on the different health endpoints. Potential confounders were 
included in the multivariate models as confounders if they satisfied a change-in-estimate (CIE) or 
significance-test of the covariate (STC) criterion. For the CIE strategy, the confounder will be included in 
the multivariate model if the crude and adjusted prevalence ratios differ by 10% or greater (Maldonado & 







           Eqn 4.1 
 
where PRcru is the crude prevalence ratio and  PRadj is the adjusted prevalence ratio. 
                                                 
1 Originally, Cox regression estimates hazard ratio for survival data which are relative risks (RR) at an instant (Cox, 1972). To 
make the hazard ratio equal to the relative risk, a constant follow up for every child is assumed. Based on this assumption, a 
likelihood function is derived where maximizing this function gave the log of RR (Breslow, 1974; Lee, 1994). Note however, 
that cross-sectional studies do not involve follow ups. In the modified Cox regression modeling, a constant follow up for all 
children is assumed only for the purpose of mathematical convenience so that the model can be used for the analysis of cross-
sectional data. 




For the STC strategy, the confounder will be included if the adjusted estimate of effect has a P-value of 
0.20 or less (Greenland, 1989). 
 
All tests were considered to be statistically significant at P<0.05. Procedures from the SPSS software 




Among the 120 randomly selected CCCs, 97 (80.8%) agreed to participate in the questionnaire survey. 5 
CCCs had closed down or in the middle of relocation while 18 CCCs declined to participate. Of the 18 
refusals, telephone interviews revealed that 6 are NV CCCs, 5 are HB CCCs, 2 are ACMV CCCs and 5 
are AC CCCs. These 18 CCCs provide no reasons in their refusals to participate. From the 97 
participating CCCs, there were 4759 responses, a response rate of approximately 70%. Of these, 4629 
children attend full day program and had been attending the CCC for a year and subsequently considered 
for the analyses. The most prevalent reason given by non-responsive parents were ‘too busy’. 
 
The personal and home characteristics of the children are shown in Table 4.3a. The mean age of the 
children was 4.1 years-old with about half were female. Approximately four-fifths were Chinese and live 
in public residential apartments. Majority of the children lived in families with total income S$2 to 6K 
while a third reported avoidance behavior for air-conditioned CCCs. 
 
The prevalence of CCCs with different characteristics is given in Table 4.3b. About three in five of the 
CCCs were naturally ventilated while 72.6 and 42.3% of the CCCs had interior visible damp stains and 
visible mold respectively. More than half had ceramic or concrete tiles while three quarters of the CCCs 
used textile curtains for their windows. About 41.2 and 24.7% had recent painting and renovation 
respectively while most used pressed wood materials for shelves. All but one cleaned their floors with 
detergents at least daily while only two cleaned their toilets two to four times weekly. Majority of the 
CCCs were situated outside local streets while about slightly more than half were in close proximity of 
car parks.  
 
4.4.1 Prevalence of Symptoms by CCC Exposures 
Table 4.4 shows the current prevalence of asthma, allergies and respiratory symptoms of children in the 
different ventilation groups. Among the symptoms studied the highest prevalence was attacks of cough 
(26.0%) while the lowest, asthma (7.5%). 21.3% of the children had some form of lower respiratory 
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illness in the past year. Significant differences in prevalence were observed in most of the asthma and 
allergy and respiratory symptoms parameters analyzed. It can be observed that the lowest prevalence for 
most symptoms which were statistically significant were from children attending NV CCCs. Prevalence 
of allergic and most respiratory symptoms were the highest among children attending ACMV CCCs. 
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Table 4.3a Personal and home characteristics of the children  
Characteristics Nos %4 
Mean age 4.09 ± 1.24 
Gender Female 2083 46.2 
Race Chinese 3701 82.1 
 Malay 393 8.7 
 Indian 227 5.0 
 Others 189 4.2 
Type of housing Public residential apartments 3803 84.0 
 Private residential apartments 532 11.7 
 Single houses 194 4.3 
Socio-economic status (SES) 3 Total monthly income: < S$2K  804 18.4 
 Total monthly income: S$2-4K 1457 33.3 
 Total monthly income: S$4-6K 960 22.0 
 Total monthly income: > S$6K 1148 26.3 
Food allergy 252 5.6 
Maternal atopy1 603 13.8 
Paternal atopy1 534 12.3 
Avoidance behavior (air-conditioned CCCs) 1286 28.2 
Avoidance behavior (CCCs near traffic sources) 1431 30.9 
Preterm birth 409 9.0 
Breastfeeding 1007 31.7 
More than 3 siblings 165 3.6 
Home Dampness 268 5.8 
Home Air-conditioning 2185 47.2 
Home Wall-paper use 61 1.4 
Home Plastic flooring 207 4.5 
Home Carpet 41 0.9 
Heavy traffic density outside home 491 10.6 
Pet exposure2 262 5.7 
ETS exposure 625 13.8 
1 Ever diagnosed by a doctor as having asthma and allergies; 2 Cats, dogs or birds; 3 US$ = S$1.59; 
4 Denominator for each variable may vary due to non-response. 
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Table 4.3b Number and prevalence of the 97 CCCs with different characteristics  
CCC Characteristics N % 
Natural ventilation (NV) 60 61.8 
Hybrid ventilation (HB) 17 17.5 
Air conditioning and mechanical ventilation (ACMV) 5 5.2 
Ventilation strategies 
Air conditioning (AC) 15 15.5 
Visible damp stains 69 72.6 Dampness 
Visible mold 41 42.3 
Concrete 68 71.1 
Gypsum board 6 6.2 
Wood panels 1 1.0 
Wall type 
Painted mural 21 21.6 
Ceramic/concrete tiles 50 51.5 
Plastic tiles 29 29.9 
Wood panels 12 12.4 
Flooring type 
Full carpeting 6 6.2 
Concrete 65 67.0 
Particle board 21 21.6 
Wood panels 10 10.3 
Ceiling type 
Others 1 1.0 
None 13 13.4 
Blinds 9 9.3 
Curtain type 
Textile 75 77.3 
Recent painting 40 41.2 
Recent renovation 24 24.7 
Pressed wood materials 92 94.9 Shelf type 
Plastic 5 5.1 
Twice daily 49 50.5 
Daily 47 48.5 
Floor cleaning 
frequency 
Two to four times weekly 1 1.0 
Daily 18 18.6 
Two to four times weekly 16 16.5 
Shelf cleaning 
frequency 
At least once weekly 61 62.9 
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Continue Table 4.3b 
CCC Characteristics N % 
Monthly 35 36.1 
Twice annually 36 37.1 
Curtain cleaning 
frequency 
Annually/never 26 26.8 
Twice daily 63 64.9 
Daily 32 32.9 
Toilet cleaning 
frequency 
Two to four times weekly 2 2.1 
Daily 10 10.3 
Two to four times weekly 15 15.5 
Toy cleaning 
frequency 
At least once weekly 72 74.2 
Daily 35 36.1 
Two to four times weekly 57 58.8 
Mattress cleaning 
frequency 
At least once weekly 5 5.2 
Small local street 33 34.0 
Local street 55 56.7 
Traffic type 
Expressway 9 9.3 
Light 43 44.3 
Medium 29 29.8 
Traffic density 
Heavy 25 25.8 
None 20 20.6 
Industrial factories 5 5.2 
Waste dump 6 6.2 
Car parks 55 56.7 
Outdoor pollution type 
Construction sites 20 20.6 
 
Table 4.5 shows the prevalence of symptoms of children exposed to different dampness variables. Among 
the three variables studied, the prevalence of current wheeze, rhinoconjunctivitis, cough attacks and lower 
respiratory illnesses among children exposed to CCC mold were significantly higher.  
 
Tables 4.6 to 4.11 document the prevalence of symptoms of children exposed to different building 
material variables.  It is observed in Table 4.6 that children attending CCCs with wall wooden panels had 
higher prevalence rates of all symptoms compared to other children. These differences were significantly 
higher for current symptoms of wheeze, eczema, flexural rash and chronic phlegm. Most of the symptoms 
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prevalences were lowest for children attending CCC with concrete walls. For floor types (Table 4.7), it is 
observed the symptoms prevalences were high for children attending CCC with either plastic flooring or 
wood panels. With the exception of asthma, differences were significant for all symptoms. For ceiling 
types (Table 4.8), prevalences of most symptoms were significantly high for children attending CCC with 
either wood panels ceiling or ‘other’ type of ceiling. With regards to CCC curtain types, significantly 
higher prevalence of asthma, eczema symptoms and lower respiratory illnesses were noted for children 
attending CCCs with no curtains (Table 4.9). Children attending CCC that was recently painted had 
significantly higher symptoms of wheeze, chronic cough, attacks of cough and lower respiratory illnesses 
(Table 4.10). There were no differences in symptoms among children in CCCs with plastic and pressed 
wood product shelves (Table 4.11). 
 
Most of the symptoms prevalence were generally lower for children attending CCC with frequent (twice 
daily) floor cleaning (Table 4.12). Prevalence of wheeze, eczema and flexural rash among children were 
significantly higher if they attend CCC that cleans the floor two to four times weekly. No distinct 
relations were observed for shelf and curtain cleaning frequency with most symptoms (Table 4.12-4.13) 
except lower respiratory illness when curtains were never or annually cleaned. Twice daily toilet cleaning 
is associated with higher prevalence of cough attacks while infrequent toilet cleaning were associated 
with higher prevalences of chronic phlegm and lower respiratory illness (Table 4.13). Infrequent toy 
cleaning frequency is associated with higher prevalence asthma, rhinitis, eczema, flexural rash while daily 
cleaning of mattress is associated with higher prevalence of most allergy and respiratory symptoms (Table 
4.14). 
 
Table 4.15 shows that there were significantly higher prevalences of rhinitis, eczema, chronic phlegm and 
cough attacks of children attending CCC with a small local street nearby. Also, the differences were 
significant for rhinitis, chronic phlegm and cough attacks for traffic density variable. This could be an 
avoidance behavior of some parents concerned over the negative effects of traffic-related emissions. 
Table 4.16 shows that elevated asthma and allergy symptom prevalences were observed for children 
attending CCCs with construction sites outside the center. 
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Table 4.4 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC ventilation strategies 
NV 
N= 3121 c 
HB 
N= 725 c 
ACMV 
N= 152 c 
AC  
N= 631 c 
All CCCs 
N=4629 c  
N % N % N % N % N % 
P-valuesa
Asthma and allergies  
Wheeze 450 14.4 129 17.8 26 17.1 111 17.6 716 15.5 <0.05 
Asthma 227 7.6 53 7.6 11 7.7 41 6.8 332 7.5 NS
b 
Rhinitis 742 23.8 210 29.0 50 32.9 178 28.2 1180 25.5 <0.001 
Rhinoconjuctivitis 217 7.0 76 10.5 15 9.9 49 7.8 357 7.7 <0.05 
Eczema 363 11.6 112 15.4 24 15.8 84 13.3 583 12.6 <0.05 
Flexural rash 305 9.8 103 14.2 22 14.5 72 11.4 502 10.8 NS
b 
Respiratory symptoms  
Chronic cough 578 24.6 148 27.7 29 29.3 114 24.2 869 25.2 NS
b 
Chronic phlegm  375 20.2 122 29.2 23 37.1 68 20.2 588 22.0 <0.001 
Attacks of cough  714 24.0 229 33.1 39 27.1 166 27.6 1148 26.0 <0.001 
Lower respiratory illness 457 18.4 167 27.3 38 28.1 140 26.2 802 21.3 <0.001 
a χ2 test, comparing prevalence of symptoms and disease by exposure to CCC ventilation strategies; b NS – not significant; c Denominator for each variable may 
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Table 4.5 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC dampness variable 
Damp Stains Mold Dampness  
No Yes No Yes No Yes 
 N % N % N % N % N % N % 
Asthma and allergies 
Wheeze 213 16.9 503 14.9 375 14.2 341 17.2 a 192 16.8 524 15.0 
Asthma 97 8.1 235 7.3 196 7.7 136 7.2 87 8.0 245 7.3 
Rhinitis 338 26.9 842 25.0 654 24.7 526 26.5  302 26.4 878 25.2 
Rhinoconjuctivitis 100 8.0 257 7.6 182 6.9 175 8.8 a 90 7.9 267 7.7 
Eczema 171 13.6 412 12.2 319 12.1 264 13.3 151 13.2 432 12.4 
Flexural rash 152 12.1 350 10.4 281 10.6 221 11.2 136 11.9 366 10.5 
Respiratory symptoms 
Chronic cough 244 25.1 625 25.2 485 24.1 384 26.6 225 25.4 644 25.1 
Chronic phlegm  164 21.9 424 22.0 325 21.1 263 23.2 150 22.2 438 21.9 
Attacks of cough  320 26.7 828 25.7 610 24.0 538 28.7 a 281 25.8 867 26.1 
Lower respiratory illness 230 22.1 572 21.0 413 19.0 389 24.5 a 201 21.5 601 21.3 
a χ2 test, P<0.05 comparing prevalence of symptoms and disease by exposure to CCC dampness variable.  
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Table 4.6 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC wall types 
Concrete 
N= 3415 c 
Gypsum board 
N= 262 c 
Wood panel 
N= 25 c 
Painted mural  
N= 927 c 
All CCCs 
N=4629 c  
N % N % N % N % N % 
P-valuesa
Asthma and allergies 
Wheeze 531 15.5 34 13.0 9 36.0 142 15.3 716 15.5 <0.05 
Asthma 245 7.5 18 7.3 4 16.7 65 7.3 332 7.5 NS
b 
Rhinitis 860 25.2 74 28.2 10 40.0 236 25.5 1180 25.5 NS
b 
Rhinoconjuctivitis 276 8.1 18 6.9 4 16.0 59 6.4 357 7.7 NS
b 
Eczema 423 12.4 33 12.6 10 40.0 117 12.6 583 12.6 <0.001 
Flexural rash 359 10.5 30 11.5 9 36.0 104 11.2 502 10.8 <0.001 
Respiratory symptoms 
Chronic cough 638 24.7 50 28.6 9 42.9 172 25.7 869 25.2 NS
b 
Chronic phlegm  434 21.0 36 31.3 9 56.3 109 22.8 588 22.0 <0.001 
Attacks of cough  861 26.4 63 25.2 9 39.1 215 24.5 1148 26.0 NS
b 
Lower respiratory illness 585 21.1 55 23.9 5 22.7 157 21.1 802 21.3 NS
b 
a χ2 test or Fischer’s Exact test, comparing prevalence of symptoms and disease by exposure to CCC wall types; b NS – not significant; c Denominator for each 
variable may vary due to non-response. 
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Table 4.7 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC flooring types 
Ceramic/concrete 
tiles 
N= 2568 c 
Plastic tiles 
 
N= 1363 c 
Wood panels 
 
N= 372 c 
Full Carpeting 
 
N= 326 c 
All CCCs 
 
N=4629 c  
N % N % N % N % N % 
P-valuesa
Asthma and allergies 
Wheeze 369 14.4 216 15.8 76 20.4 55 16.9 716 15.5 <0.05 
Asthma 186 7.5 105 8.1 19 5.4 22 6.9 332 7.5 NS
b 
Rhinitis 641 25.0 358 26.3 112 30.1 69 21.2 1180 25.5 <0.05 
Rhinoconjuctivitis 190 7.4 121 8.9 34 9.1 12 3.7 357 7.7 <0.05 
Eczema 309 12.0 175 12.8 67 18.0 32 9.8 583 12.6 <0.05 
Flexural rash 252 9.8 161 11.8 58 15.6 31 9.5 502 10.8 <0.05 
Respiratory symptoms 
Chronic cough 504 27.4 236 21.8 67 23.7 62 25.3 869 25.2 <0.05 
Chronic phlegm  336 24.6 165 18.1 54 25.2 33 18.3 588 22.0 <0.05 
Attacks of cough  600 24.3 347 27.1 112 31.5 89 28.1 1148 26.0 <0.05 
Lower respiratory illness 378 18.5 289 25.7 82 25.6 53 19.1 802 21.3 <0.001 
a χ2 test, comparing prevalence of symptoms and disease by exposure to CCC flooring types; b NS – not significant; c Denominator for each variable may vary due 
to non-response. 
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Table 4.8 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC ceiling types 
Concrete  
N= 3354 c 
Particle board 
N= 892 c 
Wood panels 
N= 356 c 
Others 
N= 27 c 
All CCCs 
N=4629 c  
N % N % N % N % N % 
P-valuesa
Asthma and allergies 
Wheeze 480 14.3 146 16.4 83 23.3 7 25.9 716 15.5 <0.001 
Asthma 252 7.8 53 6.2 24 7.0 3 11.5 332 7.5 NS
b 
Rhinitis 796 23.7 250 28.0 124 34.8 10 37.0 1180 25.5 <0.001 
Rhinoconjuctivitis 220 6.6 85 9.5 45 12.6 7 25.9 357 7.7 <0.001 
Eczema 395 11.8 119 13.3 63 17.7 6 22.2 583 12.6 <0.05 
Flexural rash 343 10.2 97 10.9 56 15.7 6 22.2 502 10.8 <0.05 
Respiratory symptoms 
Chronic cough 609 24.3 183 27.9 68 25.3 9 45.0 869 25.2 <0.05 
Chronic phlegm  396 20.3 128 25.5 57 27.8 7 46.7 588 22.0 <0.05 
Attacks of cough  781 24.4 239 28.0 117 34.6 11 40.7 1148 26.0 <0.001 
Lower respiratory illness 508 18.9 190 25.8 96 30.8 8 33.3 802 21.3 <0.001 
a χ2 test or Fischer’s Exact test, comparing prevalence of symptoms and disease by exposure to CCC ceiling types; b NS – not significant; c Denominator for each 
variable may vary due to non-response. 
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Table 4.9 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC curtain types 
No curtain 
N= 564 c 
Blinds 
N= 290 c 
Textile 
N= 3775 c 
All CCCs 
N=4629 c  
N % N % N % N % 
P-valuesa
Asthma and allergies 
Wheeze 119 21.1 38 13.1 559 14.8 716 15.5 <0.001 
Asthma 56 10.3 14 5.1 262 7.2 332 7.5 <0.05 
Rhinitis 164 29.1 69 23.8 947 25.1 1180 25.5 NS
b 
Rhinoconjuctivitis 45 8.0 26 9.0 286 7.6 357 7.7 NS
b 
Eczema 99 17.6 26 9.0 458 12.1 583 12.6 <0.05 
Flexural rash 86 15.2 23 7.9 393 10.4 502 10.8 <0.05 
Respiratory symptoms 
Chronic cough 102 25.6 48 25.9 719 25.1 869 25.2 NS
b 
Chronic phlegm  65 23.3 28 22.8 495 21.8 588 22.0 NS
b 
Attacks of cough  157 29.2 71 26.3 920 25.5 1148 26.0 NS
b 
Lower respiratory illness 147 29.8 56 23.5 599 19.8 802 21.3 <0.001 
a χ2 test, comparing prevalence of symptoms and disease by exposure to CCC curtain types; b NS – not significant; c Denominator for each variable may vary due 
to non-response. 
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Table 4.10 Number and prevalence of asthma, allergies and respiratory symptoms among children according to recent painting and renovation   
Recent Painting  Recent Renovation 
No  
N= 2508 c 
Yes  
N= 2121 c 
No  
N= 3212 c 
Yes  
N= 1417 c  
N % N % 
P-valuesa 
N % N % 
P-valuesa
Asthma and allergies 
Wheeze 352 14.0 364 17.2 <0.05 505 15.7 211 14.9 NS
b 
Asthma 183 7.6 149 7.3 NS
b 222 7.2 110 8.1 NS
b 
Rhinitis 618 24.6 562 26.5 NS
b 835 26.0 345 24.3 NS
b 
Rhinoconjuctivitis 190 7.6 167 7.9 NS
b 261 8.1 96 6.8 NSb 
Eczema 302 12.0 281 13.2 NS
b 397 12.4 186 13.1 NS
b 
Flexural rash 263 10.5 239 11.3 NS
b 351 10.9 151 10.7 NSb 
Respiratory symptoms 
Chronic cough 449 23.8 420 26.9 <0.05 604 24.7 265 26.4 NS
b 
Chronic phlegm  312 21.0 276 23.2 NS
b 417 21.7 171 22.8 NS
b 
Attacks of cough  587 24.6 561 27.7 <0.05 815 26.6 333 24.7 NS
b 
Lower respiratory illness 396 19.6 406 23.3 <0.05 590 22.5 212 18.5 <0.05 
a χ2 test, comparing prevalence of symptoms and disease by exposure to CCC painting and renovation; b NS – not significant; c Denominator for each variable 
may vary due to non-response (Total N =4629). 
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Table 4.11 Number and prevalence of asthma, allergies and respiratory symptoms among  
children according to CCC shelf types 
Shelf type  
Pressed Wood Product 
N= 4429 c 
Plastic product  
N= 200 c  
N % N % 
P-valuesa 
Asthma and allergies 
Wheeze 682 15.4 34 17.0 NS
b 
Asthma 321 7.6 11 5.8 NS
b 
Rhinitis 1123 25.4 57 28.5 NS
b 
Rhinoconjuctivitis 340 7.7 17 8.5 NS
b 
Eczema 562 12.7 21 10.5 NS
b 
Flexural rash 482 10.9 20 10.0 NS
b 
Respiratory symptoms 
Chronic cough 835 25.3 34 22.4 NS
b 
Chronic phlegm  565 22.1 23 19.8 NS
b 
Attacks of cough  1098 26.0 50 26.3 NS
b 
Lower respiratory illness 768 21.3 34 21.5 NS
b 
a χ2 test, comparing prevalence of symptoms and disease by exposure to CCC shelf type; b NS – not significant;  
c Denominator for each variable may vary due to non-response (Total N =4629). 
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Table 4.12 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC floor and shelf cleaning 
frequency 
Floor cleaning frequency Shelf cleaning frequency 
2 x daily daily 2 to 4x weekly Daily 2 to 4x weekly ≥ weekly  
N % N % N % N % N % N % 
Asthma and allergies 
Wheeze 365 14.4 334 16.3 17 32.1 a 126 14.9 114 15.2 469 15.7 
Asthma 175 7.3 155 7.8 2 3.8 60 7.4 58 7.9 206 7.3 
Rhinitis 650 25.7 518 25.3 12 22.6 215 25.4 206 27.5 745 25.0 
Rhinoconjuctivitis 207 8.2 145 7.1 5 9.4 70 8.3 57 7.6 224 7.5 
Eczema 297 11.7 271 13.2 15 28.3 a 108 12.8 91 12.1 376 12.6 
Flexural rash 266 10.5 223 10.9 13 24.5 a 98 11.6 79 10.5 318 10.7 
Respiratory symptoms 
Chronic cough 474 24.7 385 25.6 10 30.3 177 28.2 127 22.1 562 25.6 
Chronic phlegm  323 20.9 259 23.3 6 30.0 112 23.2 89 19.8 381 22.6 
Attacks of cough  628 26.2 505 25.6 15 29.4 230 28.4 a 205 28.6 705 24.9  
Lower respiratory illness 428 21.2 358 21.0 16 34.0 158 22.7 146 23.2 488 20.4 
a  P < 0.05 by χ2 test or Fishers Exact test, comparing prevalence of symptoms and disease by exposure to CCC cleaning frequencies. 
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Table 4.13 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC curtain and toilet 
cleaning frequency 
Curtain cleaning frequency Toilet cleaning frequency 
monthly twice annually annually/never 2x daily daily 2 to 4x weekly  
N % N % N % N % N % N % 
Asthma and allergies 
Wheeze 58 13.8 461 15.2 186 16.9 497 16.0 210 14.2 9 17.6 
Asthma 24 6.0 215 7.4 86 8.2 215 7.2 114 8.1 3 6.3 
Rhinitis 97 23.1 792 26.0 280 25.4 772 24.9 394 26.7 14 27.5 
Rhinoconjuctivitis 33 7.9 244 8.0 75 6.8 235 7.6 115 7.8 7 13.7 
Eczema 47 11.2 376 12.4 147 13.4 385 12.4 191 12.9 7 13.7 
Flexural rash 43 10.2 314 10.3 136 12.4 335 10.8 161 10.9 6 11.8 
Respiratory symptoms 
Chronic cough 72 28.0 569 25.1 219 25.0 584 24.7 274 26.1 11 33.3 
Chronic phlegm  46 25.0 397 22.9 139 19.2 389 20.8 193 24.7 6 31.6 a 
Attacks of cough  88 22.5 764 26.2 279 26.7 814 27.5 a 325 23.0 9 19.1 
Lower respiratory illness 61 18.1 491 20.1 238 25.9 a 559 22.3 232 19.1 11 28.2 a 
a  P < 0.05 by χ2 test or Fishers Exact test, comparing prevalence of symptoms and disease by exposure to CCC cleaning frequencies. 
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Table 4.14 Number and prevalence of asthma, allergies and respiratory symptoms among children according to CCC toys and mattress 
cleaning frequency 
Toy cleaning frequency Mattress cleaning frequency 
daily 2 to 4x weekly ≥ weekly daily 2 to 4x weekly ≥ weekly  
N % N % N % N % N % N % 
Asthma and allergies 
Wheeze 71 14.9 128 14.1 512 16.0 199 16.8 63 17.7 454 14.7 
Asthma 30 6.6 48 5.5 251 8.2 a 96 8.5 28 8.1 208 7.0 
Rhinitis 109 22.9 214 23.6 844 26.4 a 336 28.3 a 83 23.4 761 24.7 
Rhinoconjuctivitis 39 8.2 58 6.4 257 8.0 117 9.9 a 33 9.3 207 6.7 
Eczema 45 9.4 101 11.1 433 13.5 a 165 13.9 a 33 9.3 385 12.5 
Flexural rash 45 9.4 80 8.8 373 11.7 a 155 13.1 a 23 6.5 324 10.5 
Respiratory symptoms 
Chronic cough 93 26.2 181 27.9 587 24.3 218 25.8 66 26.5 585 24.8 
Chronic phlegm  64 21.8 103 21.9 419 22.1 161 26.6 a 39 20.4 388 20.7 
Attacks of cough  113 24.8 221 25.5 811 26.6 328 29.0 a 80 23.4 740 25.1 
Lower respiratory illness 74 20.0 153 20.8 573 21.9 244 25.0 a 60 20.8 498 19.9 
a  P < 0.05 by χ2 test or Fishers Exact test, comparing prevalence of symptoms and disease by exposure to CCC cleaning frequencies. 
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Table 4.15 Number and prevalence of asthma, allergies and respiratory symptoms  
among children according to CCC traffic type and densities. 
 CCC traffic type CCC traffic density 
 Small local street Local street Expressway Light Medium Heavy 
 N % N % N % N % N % N % 
Asthma and allergies 
Wheeze 232 16.1 418 15.7 66 12.4 331 16.4 200 14.6 185 15.0 
Asthma 99 7.2 188 7.4 45 8.8 143 7.4 94 7.2 95 8.1 
Rhinitis 424 29.4 a 634 23.9 122 22.8 558 27.6 a 323 23.5 299 24.2 
Rhinoconjuctivitis 123 8.5 204 7.7 30 5.6 156 7.7 101 7.4 100 8.1 
Eczema 200 13.9 a 331 12.5 52 9.7 272 13.5 166 12.1 145 11.8 
Flexural rash 173 12.0 281 10.6 48 9.0 237 11.7 142 10.3 123 10.0 
Respiratory symptoms 
Chronic cough 277 26.9 494 24.9 98 22.3 390 26.2 249 23.2 230 25.8 
Chronic phlegm  200 27.3 a 336 21.5 52 13.8 272 24.6 a 171 18.8 145 22.0 
Attacks of cough  408 29.6 a 626 24.7 114 22.8 552 28.5 a 306 23.5 290 24.6 
Lower respiratory illness 267 23.0 439 20.4 96 21.2 363 22.1 228 20.3 211 21.1 
a  P < 0.05 by χ2 test, comparing prevalence of symptoms and disease by exposure to CCC traffic types. 
 
 
                                                                                                                                   CCC Characteristics and Health 
  
 142
Table 4.16 Number and prevalence of asthma, allergies and respiratory symptoms among children according to outdoor CCC pollution. 
None Industrial factories Waste Dump Car parks Construction sites 
N % N % N % N % N % 
Asthma and allergies 
Wheeze 165 17.2 28 16.1 34 11.1 392 14.6 97 19.4 a 
Asthma 70 7.7 6 3.6 18 6.4 197 7.6 41 8.4 
Rhinitis 260 27.0 35 20.1 71 23.2 659 24.5 155 31.0 a 
Rhinoconjuctivitis 88 9.1 8 4.6 22 7.2 192 7.1 47 9.4 
Eczema 140 14.6 11 6.3 28 9.2 329 12.2 75 15.0 a 
Flexural rash 121 12.6 9 5.2 27 8.8 281 10.5 64 12.8 a 
Respiratory symptoms 
Chronic cough 161 21.5 31 25.6 71 29.5 a 520 26.2 86 24.2 
Chronic phlegm  125 20.6 18 17.8 53 26.2 338 22.2 54 22.7 
Attacks of cough  242 26.7 39 23.2 76 26.7 650 25.3 141 29.3 
Lower respiratory illness 194 24.7 20 15.2 54 22.0 423 19.5 111 25.6 a 
a  P < 0.05 by χ2 test or Fischer Exact test, comparing prevalence of symptoms and disease by exposure to CCC outdoor pollution types. 
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4.4.2 Prevalence Ratio - Ventilation Strategies 
Table 4.17 presents the adjusted prevalence ratios of asthma, allergies and respiratory symptoms for 
children attending CCCs under different ventilation strategies (NV reference).  Among the asthma and 
allergic symptoms, only children attending CCC with ACMV system had significantly higher adjusted 
prevalence ratio of current rhinitis when compared to those attending naturally ventilated CCCs (PR 1.48, 
95% CI : 1.03-2.22). It was also observed that the adjusted prevalence ratios were highest in ACMV 
CCCs with marginal significance for current eczema (PR 1.73, 95% CI : 0.95-3.14; P = 0.073) and 
flexural rash (PR 1.61, 95% CI : 0.95-2.74; P = 0.077). Chronic cough was significantly higher among 
children attending HB CCCs (PR 1.23, 95% CI : 1.01-1.53). Significantly higher prevalence for chronic 
phlegm for children attending HB (PR 1.37, 95% CI : 1.08-1.74) and ACMV CCCs (PR 2.14, 95% CI : 
1.30-3.54) were also observed. Children attending HB CCCs had higher prevalence ratio of attack of 
cough lasting more than 1 week (PR 1.23, 95% CI : 1.03-1.48) while the risk for children attending AC 
CCCs was also significant (PR 1.23, 95% CI : 1.00-1.51). For current lower respiratory illness, children 
are at higher risk if they attend HB CCCs (PR 1.37, 95% CI : 1.05-1.78) and AC CCCs (PR 1.51, 95% CI : 
1.11-2.05).  
 
4.4.3 Prevalence Ratio - Dampness 
Table 4.18 presents the adjusted prevalence ratios of asthma, allergies and respiratory symptoms for 
children attending CCCs under different dampness variables. In general, the prevalence ratios for 
different symptoms were higher for ‘Molds’ than ‘Damp stains’. There were no significant associations of 
asthma and allergy symptoms with any dampness variables.   However, the risks were significantly higher 
for chronic cough (PR 1.20, 95% CI : 1.01-1.43), attacks of cough (PR 1.23, 95% CI : 1.06-1.42) and 
lower respiratory illnesses (PR 1.19, 95% CI : 1.01-1.40)  for children exposed to molds in CCCs. 
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Table 4.17 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC ventilation strategies 
Prevalence ratio (PR) and 95% confidence interval   
 NV a HB ACMV AC 
Asthma and allergies 
Wheeze1 1.00 0.81 (0.62-1.06) 1.15 (0.72-1.85) 1.20 (0.91-1.56) 
Asthma2 1.00 1.01 (0.71-1.44) 0.97 (0.47-1.99) 0.93 (0.64-1.36) 
Rhinitis3 1.00 1.04 (0.81-1.34) 1.48 (1.03-2.22)  1.26 (0.96-1.65) 
Rhinoconjuctivitis4 1.00 0.96 (0.61-1.52) 0.80 (0.36-1.77) 1.10 (0.68-1.79) 
Eczema5 1.00 1.09 (0.76-1.55) 1.73 (0.95-3.14) 1.08 (0.71-1.63) 
Flexural rash6 1.00 1.12 (0.84-1.50) 1.61 (0.95-2.74) 0.90 (0.63-1.28) 
Respiratory symptoms 
Chronic cough7 1.00 1.23 (1.01-1.53)  1.15 (0.74-1.77) 1.09 (0.86-1.39) 
Chronic phlegm8 1.00 1.37 (1.08-1.74) 2.14 (1.30-3.54) 1.23 (0.92-1.65) 
Attacks of cough9 1.00 1.23 (1.03-1.48)  1.18 (0.80-1.75) 1.23 (1.00-1.51)  
Lower respiratory illness10 1.00 1.37 (1.05-1.78)  1.30 (0.79-2.15) 1.51 (1.11-2.05)  
a Reference category is children attending CCC with natural ventilation (NV). 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, avoidance behavior (AC), 
respiratory infections, ETS exposure, home dampness, CCC dampness and CCC traffic.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, avoidance behavior (AC), respiratory 
infections, home wall paper and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, avoidance behavior (AC), respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic density, CCC carpet and CCC traffic.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, avoidance behavior (AC), 
respiratory infections, ETS exposure, home dampness, home air conditioning, home traffic density and CCC flooring. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, avoidance behavior (AC), home dampness, home 
traffic density, home wall paper, home flooring, CCC traffic and CCC flooring.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, avoidance behavior (AC), respiratory infections, 
ETS exposure, home dampness, home wall paper, home PVC floor, CCC dampness, CCC traffic density and CCC PVC floor. 
7 adjusted for age, race, SES, preterm birth, avoidance behavior (AC), asthma, ETS exposure, home dampness, home wall paper 
and home flooring. 
8 adjusted for age, race, preterm birth, avoidance behavior (AC), asthma, ETS exposure, home dampness, home wall paper, home 
traffic density, CCC molds and CCC traffic. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, avoidance behavior (AC), asthma, ETS exposure, home dampness, 
home flooring, CCC traffic, CCC molds and CCC occupant density. 
10 adjusted for gender, SES, preterm birth, breastfeeding, avoidance behavior (AC), ETS exposure, home dampness, home PVC 
floor, home traffic density, CCC molds and CCC occupant density.  
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Table 4.18 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC dampness variables 
Prevalence ratio (PR) and 95% confidence interval 
 Damp Stainsa Molda Dampnessa 
Asthma and allergies 
Wheeze1 0.97 (0.77-1.13) 1.13 (0.94-1.35) 0.94 (0.77-1.14) 
Asthma2 0.93 (0.70-1.24) 1.00 (0.76-1.30) 0.97 (0.72-1.30) 
Rhinitis3 0.93 (0.79-1.09) 0.96 (0.82-1.12) 0.93 (0.78-1.10) 
Rhinoconjuctivitis4 1.13 (0.83-1.54) 1.11 (0.84-1.48) 1.04 (0.76-1.42) 
Eczema5 0.90 (0.72-1.13) 1.11 (0.90-1.38) 0.96 (0.75-1.21) 
Flexural rash6 0.83 (0.65-1.05) 0.98 (0.78-1.25) 0.85 (0.67-1.09) 
Respiratory symptoms 
Chronic cough7 1.05 (0.86-1.27) 1.20 (1.01-1.43) 1.01 (0.83-1.23) 
Chronic phlegm8 1.10 (0.88-1.38) 1.15 (0.94-1.39) 1.08 (0.85-1.36) 
Attacks of cough9 1.02 (0.87-1.19) 1.23 (1.06-1.42) 1.08 (0.91-1.27) 
Lower respiratory illness10 0.99 (0.82-1.18) 1.19 (1.01-1.40) 0.99 (0.82-1.20) 
a Reference category is children attending CCC with no dampness variables. 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air-conditioning, home traffic, CCC ventilation strategies and CCC flooring. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring, CCC traffic and CCC flooring.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring and CCC 
ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC traffic 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, ETS exposure, home dampness, home flooring, home traffic density, 
CCC flooring, CCC occupant density and CCC ventilation strategies. 
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4.4.4 Prevalence Ratio - Building Materials 
Among the different building material variables studied, the use of blinds was protective of current 
symptoms of eczema (PR 0.51, 95% CI : 0.28-0.90) and flexural rash (PR 0.49, 95% CI : 0.25-0.93) 
compared to no curtains (Table 4.22). For respiratory symptoms, CCCs with wall wooden panels were 
associated with higher risk of chronic phlegm (PR 2.39, 95% CI : 1.17-4.90) (Table 4.19) while CCCs 
with plastic flooring were protective of chronic cough (PR 0.71, 95% CI : 0.58-0.88) and phlegm (PR 
0.76, 95% CI : 0.60-0.97) (Table 4.20). Children attending CCC with recent painting were associated with 
increased risk of chronic cough (PR 1.21, 95% CI : 1.02-1.43) (Table 4.23). 
 
Table 4.19 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC wall types 
Prevalence ratio (PR) and 95% confidence interval   
 Concrete a Gypsum board Wood panels Painted mural 
Asthma and allergies 
Wheeze1 1.00 0.98 (0.64-1.49) 1.03 (0.37-2.84) 0.99 (0.79-1.25) 
Asthma2 1.00 1.13 (0.65-1.95) 1.92 (0.61-6.07) 1.01 (0.73-1.41) 
Rhinitis3 1.00 0.99 (0.72-1.36) 0.67 (0.28-1.65) 0.93 (0.77-1.12) 
Rhinoconjuctivitis4 1.00 0.88 (0.47-1.65) 0.33 (0.05-2.44) 0.81 (0.47-1.15) 
Eczema5 1.00 1.29 (0.86-1.94) 1.69 (0.73-3.92) 0.90 (0.68-1.18) 
Flexural rash6 1.00 1.27 (0.79-2.04) 1.96 (0.84-4.57) 1.04 (0.79-1.38) 
Respiratory symptoms 
Chronic cough7 1.00 1.18 (0.81-1.72) 1.81 (0.89-3.72) 1.10 (0.89-1.36) 
Chronic phlegm8 1.00 1.49 (0.98-2.27) 2.39 (1.17-4.90) 0.96 (0.74-1.24) 
Attacks of cough9 1.00 0.98 (0.70-1.35) 0.98 (0.50-1.92) 0.90 (0.75-1.08) 
Lower respiratory illness10 1.00 0.98 (0.69-1.40) 0.62 (0.26-1.53) 1.00 (0.80-1.25) 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.20 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC flooring types 









Asthma and allergies 
Wheeze1 1.00 0.98 (0.78-1.24) 1.13 (0.82-1.58) 1.34 (0.95-1.89) 
Asthma2 1.00 0.97 (0.72-1.31) 0.67 (0.38-1.19) 1.07 (0.64-1.78) 
Rhinitis3 1.00 0.87 (0.73-1.04) 0.93 (0.70-1.21) 0.82 (0.60-1.13) 
Rhinoconjuctivitis4 1.00 0.95 (0.69-1.31) 0.81 (0.49-1.35) 0.39 (0.14-1.07) 
Eczema5 1.00 0.96 (0.75-1.23) 1.03 (0.71-1.48) 0.99 (0.65-1.50) 
Flexural rash6 1.00 1.01 (0.76-1.32) 1.19 (0.81-1.75) 1.20 (0.79-1.82) 
Respiratory symptoms 
Chronic cough7 1.00 0.71 (0.58-0.88) 0.94 (0.69-1.29) 0.94 (0.67-1.31) 
Chronic phlegm8 1.00 0.76 (0.60-0.97) 1.00 (0.72-1.40) 0.91 (0.59-1.41) 
Attacks of cough9 1.00 0.99 (0.83-1.18) 1.08 (0.85-1.37) 1.10 (0.83-1.44) 
Lower respiratory illness10 1.00 1.15 (0.94-1.41) 1.11 (0.83-1.47) 1.07 (0.77-1.48) 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.21 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC ceiling types 
Prevalence ratio (PR) and 95% confidence interval   
 Concrete Particle board Wood panels Others 
Asthma and allergies 
Wheeze1 1.00 0.96 (0.75-1.24) 1.03 (0.75-1.42) 1.11 (0.41-2.99) 
Asthma2 1.00 0.75 (0.52-1.09) 0.80 (0.48-1.34) 0.95 (0.23-3.95) 
Rhinitis3 1.00 1.08 (0.89-1.32) 1.18 (0.92-1.52) 1.49 (0.74-3.01) 
Rhinoconjuctivitis4 1.00 1.28 (0.89-1.84) 1.26 (0.80-1.96) 2.57 (0.77-8.52) 
Eczema5 1.00 1.08 (0.84-1.40) 0.94 (0.65-1.35) 1.28 (0.41-4.01) 
Flexural rash6 1.00 0.93 (0.68-1.28) 1.04 (0.71-1.52) 0.92 (0.23-3.73) 
Respiratory symptoms 
Chronic cough7 1.00 1.24 (0.98-1.56) 1.27 (0.93-1.73) 1.92 (0.85-4.32) 
Chronic phlegm8 1.00 1.21 (0.93-1.55) 1.18 (0.85-1.64) 2.19 (0.97-4.94) 
Attacks of cough9 1.00 0.97 (0.80-1.17) 1.12 (0.89-1.41) 1.36 (0.70-3.64) 
Lower respiratory illness10 1.00 1.08 (0.87-1.34) 1.05 (0.80-1.38) 1.67 (0.82-3.42) 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.22 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC curtain types 
Prevalence ratio (PR) and 95% confidence interval 
 None Blinds Textile 
Asthma and allergies 
Wheeze1 1.00 0.88 (0.55-1.41) 1.04 (0.77-1.40) 
Asthma2 1.00 0.52 (0.20-1.40) 0.76 (0.46-1.25) 
Rhinitis3 1.00 1.17 (0.83-1.64) 1.11 (0.89-1.39) 
Rhinoconjuctivitis4 1.00 1.23 (0.68-2.21) 1.00 (0.66-1.52) 
Eczema5 1.00 0.51 (0.28-0.90) 0.88 (0.66-1.16) 
Flexural rash6 1.00 0.49 (0.25-0.93) 0.91 (0.66-1.26) 
Respiratory symptoms 
Chronic cough7 1.00 1.31 (0.87-1.98) 0.96 (0.71-1.29) 
Chronic phlegm8 1.00 1.04 (0.61-1.75) 0.98 (0.69-1.38) 
Attacks of cough9 1.00 0.95 (0.69-1.32) 1.01 (0.82-1.26) 
Lower respiratory illness10 1.00 0.95 (0.67-1.36) 0.91 (0.72-1.16) 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring, CCC traffic and CCC flooring.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.23 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC shelf types, recent painting and renovation 
Prevalence ratio (PR) and 95% confidence interval 
 Plastic shelfa Recent paintingb Recent renovationc
Asthma and allergies 
Wheeze1 0.76 (0.42-1.38) 1.01 (0.84-1.22) 0.96 (0.79-1.18) 
Asthma2 0.71 (0.32-1.61) 0.91 (0.70-1.19) 1.08 (0.82-1.42) 
Rhinitis3 1.10 (0.76-1.60) 1.01 (0.87-1.17) 0.99 (0.85-1.16) 
Rhinoconjuctivitis4 1.12 (0.57-2.19) 1.00 (0.76-1.30) 0.89 (0.66-1.20) 
Eczema5 0.77 (0.43-1.38) 0.85 (0.69-1.04) 1.07 (0.86-1.33) 
Flexural rash6 0.87 (0.48-1.60) 0.81 (0.65-1.02) 1.04 (0.82-1.33) 
Respiratory symptoms 
Chronic cough7 0.71 (0.41-1.23) 1.21 (1.02-1.43) 1.15 (0.96-1.37) 
Chronic phlegm8 0.85 (0.51-1.42) 1.04 (0.86-1.27) 1.04 (0.84-1.28) 
Attacks of cough9 0.90 (0.63-1.30) 1.08 (0.94-1.23) 0.96 (0.83-1.11) 
Lower respiratory illness10 0.83 (0.52-1.32) 1.08 (0.92-1.27) 0.93 (0.74-1.29) 
a Reference category is children attending CCC where shelves were made of pressed wood materials; b Reference category is 
children attending CCC with no recent painting; c Reference category is children attending CCC with no recent renovation. 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air-conditioning, home traffic, CCC ventilation strategies and CCC flooring. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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4.4.5 Prevalence Ratio - Cleaning Frequency and Maintenance 
Tables 4.24 to 4.26 show the adjusted prevalence ratios of different symptoms for different CCC cleaning 
frequency variables. No significant associations were observed for all the cleaning frequency variables 
with symptoms studied. Although not statistically significant, a dose-response pattern was observed for 
increased risk of wheeze, rhinoconjunctivitis, eczema, flexural rash, chronic cough and phlegm symptoms 
and LRI with infrequent cleaning of floor and toilets (Table 4.24 & 4.25).  
 
Table 4.24 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC floor and shelf cleaning frequencies 
Prevalence ratio (PR) and 95% confidence interval   
 Floor cleaninga Shelf cleaningb 
 Daily 2 – 4x weekly 2 – 4x weekly ≥ weekly 
Asthma and allergies 
Wheeze1 1.17 (0.97-1.41) 1.86 (0.93-3.71) 0.92 (0.67-1.26) 0.97 (0.75-1.24) 
Asthma2 1.14 (0.87-1.48) 0.67 (0.16-2.76) 1.16 (0.76-1.77) 0.92 (0.65-1.30) 
Rhinitis3 0.98 (0.84-1.13) 0.91 (0.42-1.96) 1.09 (0.85-1.38) 0.97 (0.80-1.18) 
Rhinoconjuctivitis4 0.80 (0.60-1.04) 1.43 (0.51-4.01) 0.90 (0.58-1.40) 0.90 (0.64-1.26) 
Eczema5 1.04 (0.84-1.28) 1.78 (0.90-3.55) 0.94 (0.66-1.32) 0.99 (0.76-1.30) 
Flexural rash6 0.93 (0.74-1.17) 1.77 (0.84-3.71) 0.89 (0.61-1.29) 0.95 (0.71-1.27) 
Respiratory symptoms 
Chronic cough7 1.06 (0.89-1.26) 1.75 (0.84-3.67) 0.81 (0.61-1.08) 0.90 (0.72-1.12) 
Chronic phlegm8 1.08 (0.88-1.32) 1.91 (0.68-5.31) 0.84 (0.60-1.17) 0.90 (0.70-1.16) 
Attacks of cough9 0.93 (0.81-1.07) 1.02 (0.52-2.04) 0.95 (0.73-1.25) 0.82 (0.65-1.02) 
Lower respiratory illness10 1.01 (0.86-1.18) 1.02 (0.54-1.95) 1.14 (0.83-1.57) 0.84 (0.64-1.11) 
a Reference category is children attending CCC with twice daily floor cleaning frequency; b Reference category is children 
attending CCC with daily shelf cleaning frequency.  
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.25 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC curtain and toilet cleaning frequencies 
Prevalence ratio (PR) and 95% confidence interval   
 Curtain cleaninga Toilet cleaningb 
 Twice annually Anually/never Daily 2 – 4x weekly 
Asthma and allergies 
Wheeze1 1.03 (0.72-1.46) 0.94 (0.63-1.39) 0.87 (0.70-1.07) 1.29 (0.57-2.93) 
Asthma2 1.14 (0.66-1.99) 1.47 (0.82-2.65) 1.03 (0.77-1.37) 1.20 (0.38-3.78) 
Rhinitis3 1.09 (0.83-1.44) 0.92 (0.68-1.26) 1.07 (0.91-1.25) 0.95 (0.47-1.93) 
Rhinoconjuctivitis4 1.27 (0.75-2.18) 0.84 (0.46-1.52) 0.88 (0.65-1.18) 2.03 (0.82-5.02) 
Eczema5 1.15 (0.77-1.73) 1.18 (0.77-1.82) 1.21 (0.97-1.50) 1.81 (0.80-4.09) 
Flexural rash6 1.07 (0.69-1.65) 1.21 (0.76-1.93) 1.16 (0.92-1.48) 1.80 (0.73-4.44) 
Respiratory symptoms 
Chronic cough7 0.81 (0.60-108) 0.76 (0.54-1.05) 1.01 (0.83-1.21) 1.25 (0.55-2.87) 
Chronic phlegm8 0.97 (0.68-1.39) 0.77 (0.52-1.16) 1.12 (0.90-1.39) 1.51 (0.55-4.15) 
Attacks of cough9 1.10 (0.85-1.42) 1.06 (0.80-1.41) 0.89 (0.76-1.04) 0.49 (0.20-1.20) 
Lower respiratory illness10 1.03 (0.76-1.38) 1.11 (0.80-1.54) 0.98 (0.82-1.17) 1.40 (0.71-2.74) 
a Reference category is children attending CCC with monthly curtain cleaning frequency; b Reference category is children 
attending CCC with twice daily toilet cleaning frequency.  
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.26 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC toy and mattress cleaning frequencies 
Prevalence ratio (PR) and 95% confidence interval   
 Toy cleaninga Mattress cleaningb 
 2 – 4x weekly ≥ weekly 2 – 4x weekly ≥ weekly 
Asthma and allergies 
Wheeze1 1.08 (0.74-1.58) 1.11 (0.80-1.55) 1.46 (1.03-2.05) 1.03 (0.83-1.28) 
Asthma2 0.95 (0.53-1.70) 1.19 (0.72-1.96) 1.02 (0.61-1.70) 0.86 (0.64-1.15) 
Rhinitis3 1.20 (0.88-1.64) 1.17 (0.89-1.53) 0.95 (0.71-1.28) 0.91 (0.77-1.08) 
Rhinoconjuctivitis4 0.84 (0.49-1.44) 0.98 (0.63-1.53) 1.70 (0.95-3.04) 0.83 (0.57-1.22) 
Eczema5 1.02 (0.65-1.58) 1.20 (0.82-1.76) 0.75 (0.47-1.21) 0.96 (0.76-1.21) 
Flexural rash6 0.81 (0.51-1.29) 1.03 (0.69-1.53) 0.52 (0.25-1.09) 0.85 (0.61-1.18) 
Respiratory symptoms 
Chronic cough7 1.01 (0.73-1.40) 0.90 (0.68-1.19) 0.96 (0.67-1.38) 1.02 (0.83-1.25) 
Chronic phlegm8 1.03 (0.70-1.53) 1.06 (0.77-1.48) 1.12 (0.74-1.68) 0.88 (0.71-1.11) 
Attacks of cough9 0.96 (0.73-1.28) 1.03 (0.81-1.30) 0.98 (0.73-1.31) 0.97 (0.83-1.14) 
Lower respiratory illness10 1.10 (0.80-1.52) 0.97 (0.73-1.29) 1.09 (0.79-1.51) 0.97 (0.81-1.17) 
a Reference category is children attending CCC with daily toy cleaning frequency; b Reference category is children attending 
CCC with daily mattress cleaning frequency.  
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic density and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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4.4.6 Prevalence Ratio - Outdoor Pollution  
Children attending CCCs close to an expressway were found to have lower risks of rhinitis, 
rhinoconjunctivitis, chronic cough, chronic phlegm, cough attacks and lower respiratory illness (Table 
4.27). The associations were statistically significant for all the respiratory symptoms. No significant 
associations of symptoms with traffic densities were observed (Table 4.28). From Table 4.29, it was 
observed that children in CCCs near industrial factories were at lower risk of allergic symptoms; 
significantly lower symptom of flexural rash was noted (PR 0.31, 95% CI: 0.10-0.97). These could be 
related to avoidance behavior of parents in sending children to CCCs close to these sources of pollution. 
 
Table 4.27 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC traffic type 
Prevalence ratio (PR) and 95% confidence interval 
 Small local street Local street Expressway 
Asthma and allergies 
Wheeze1 1.00 1.18 (0.96-1.46) 1.02 (0.73-1.44) 
Asthma2 1.00 1.13 (0.83-1.52) 1.49 (0.96-2.29) 
Rhinitis3 1.00 0.90 (0.77-1.06) 0.89 (0.69-1.16) 
Rhinoconjuctivitis4 1.00 1.01 (0.76-1.35) 0.59 (0.33-1.05) 
Eczema5 1.00 1.03 (0.82-1.29) 0.75 (0.50-1.12) 
Flexural rash6 1.00 1.00 (0.78-1.27) 0.79 (0.52-1.22) 
Respiratory symptoms 
Chronic cough7 1.00 0.90 (0.74-1.09) 0.71 (0.53-0.96) 
Chronic phlegm8 1.00 0.74 (0.59-0.93) 0.42 (0.28-0.62) 
Attacks of cough9 1.00 0.86 (0.73-1.01) 0.77 (0.60-0.99) 
Lower respiratory illness10 1.00 1.00 (0.84-1.20) 1.05 (0.79-1.39) 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic density and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper and home flooring.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density and CCC 
ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.28 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC traffic density 
Prevalence ratio (PR) and 95% confidence interval 
 Light Medium Heavy 
Asthma and allergies 
Wheeze1 1.00 0.91 (0.82-1.21) 1.02 (0.80-1.30) 
Asthma2 1.00 0.90 (0.70-1.31) 1.13 (0.81-1.59) 
Rhinitis3 1.00 0.93 (0.78-1.09) 0.99 (0.79-1.13) 
Rhinoconjuctivitis4 1.00 0.83 (0.61-1.13) 1.10 (0.82-1.48) 
Eczema5 1.00 0.90 (0.72-1.23) 1.08 (0.81-1.19) 
Flexural rash6 1.00 0.92 (0.73-1.20) 1.09 (0.78-1.22) 
Respiratory symptoms 
Chronic cough7 1.00 0.90 (0.74-1.09) 0.92 (0.83-1.12) 
Chronic phlegm8 1.00 0.84 (0.59-1.03) 0.90 (0.65-1.08) 
Attacks of cough9 1.00 0.92 (0.73-1.02) 0.95 (0.76-1.07) 
Lower respiratory illness10 1.00 1.00 (0.81-1.18) 1.08 (0.89-1.33) 
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air-conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic density and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper and home flooring .  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density and CCC 
ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
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Table 4.29 Adjusted prevalence ratios of asthma and allergies and respiratory symptoms among 
children according to CCC outdoor pollution type 
Prevalence ratio (PR) and 95% confidence intervala   
 Industrial factories Waste dump Car parks Construction sites 
Asthma and allergies 
Wheeze1 1.12 (0.66-1.90) 0.74 (0.47-1.18) 0.91 (0.72-1.15) 0.87 (0.62-1.20) 
Asthma2 0.99 (0.42-2.34) 0.95 (0.49-1.85) 1.23 (0.87-1.74) 1.10 (0.67-1.80) 
Rhinitis3 0.73 (0.43-1.21) 1.00 (0.72-1.39) 0.98 (0.81-1.18) 1.13 (0.88-1.46) 
Rhinoconjuctivitis4 0.17 (0.02-1.23) 1.15 (0.64-2.07) 0.94 (0.67-1.33) 1.16 (0.75-1.80) 
Eczema5 0.44 (0.18-1.07) 0.84 (0.51-1.38) 0.95 (0.74-1.22) 0.91 (0.64-1.29) 
Flexural rash6 0.31 (0.10-0.97) 0.88 (0.52-1.49) 0.90 (0.68-1.18) 0.88 (0.60-1.29) 
Respiratory symptoms 
Chronic cough7 1.16 (0.71-1.91) 1.17 (0.80-1.73) 1.17 (0.94-1.47) 1.21 (0.88-1.66) 
Chronic phlegm8 0.95 (0.53-1.68) 1.12 (0.73-1.72) 1.07 (0.83-1.38) 1.17 (0.81-1.69) 
Attacks of cough9 0.92 (0.61-1.38) 0.96 (0.69-1.35) 0.97 (0.82-1.16) 1.05 (0.83-1.34) 
Lower respiratory illness10 0.67 (0.40-1.13) 0.92 (0.64-1.33) 0.87 (0.71-1.07) 0.82 (0.63-1.07) 
a Reference category is children attending CCC with no outdoor pollution.  
1 adjusted for gender, age, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS 
exposure, home dampness, home air conditioning and CCC ventilation strategies.  
2 adjusted for gender, age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper 
and ETS exposure. 
3 adjusted for gender, age, race, SES, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home 
dampness, home air conditioning, home traffic density, home carpet and CCC ventilation strategies.  
4 adjusted for gender, age, SES, housing type, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, 
ETS exposure, home dampness, home air conditioning, home traffic density and CCC ventilation strategies. 
5 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, home dampness, home traffic density, home wall 
paper, home flooring and CCC traffic.  
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, ETS exposure, home dampness, home wall paper, 
home flooring and CCC ventilation strategies. 
7 adjusted for age, race, SES, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home flooring, CCC molds 
and CCC ventilation strategies. 
8 adjusted for age, race, preterm birth, asthma, ETS exposure, home dampness, home wall paper, home traffic density, CCC 
traffic and CCC ventilation strategies. 
9 adjusted for age, race, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds 
and CCC ventilation strategies. 
10 adjusted for gender, SES, preterm birth, breastfeeding, asthma, ETS exposure, home dampness, home flooring, CCC molds and 
CCC ventilation strategies. 
 
 





4.5.1 Prevalence of Symptoms 
The overall prevalence of asthma and allergic symptoms in this study were comparable to an 
epidemiological study conducted among Singapore preschool children in 2000 (Tan, 2002) using the 
same set of ISAAC questionnaires (Figure 4.1). The results of the two preschool children populations 
surveyed 5 years apart suggests minor differences. The close similarity in the prevalence of this study 
with that conducted earlier also serves to validate the results presented here. 
 
Figure 4.1 Comparison of symptoms prevalence between two Singapore studies 5 years apart. 
 
4.5.2 Ventilation Strategies 
Among the different CCC characteristics studied, it was found that allergic and respiratory symptoms 
among attending CCC children were associated with the ventilation strategies of the CCCs; significant 
positive associations between current rhinitis symptoms and CCC with ACMV system and current 
respiratory symptoms and CCCs with some form of air-conditioning. Ventilation strategies in CCCs may 
not be the direct causes of the symptoms studied here. However, they could be surrogates for the actual 
causal agents that are truly associated with specific ventilation strategies.  
 
Comparable data with other findings are limited mainly because this is the first study that documents the 
associations of CCC ventilation strategies with allergic and respiratory symptoms among young children. 
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ventilation systems in office buildings. In a cross sectional study investigating "building sickness" among 
office workers in two buildings, one fully air conditioned with humidification and the other naturally 
ventilated (Robertson et al., 1985), rhinitis was found to be significantly more common in the air 
conditioned building than the naturally ventilated one (28% vs 5%). Mendell et al (1996) reported higher 
adjusted prevalence of lower respiratory symptoms associated with mechanical and air-conditioned 
ventilation relative to natural ventilation (mechanical: OR = 2.9, 95% CI = 0.7-11; air-conditioned: OR = 
4.0, 95% CI = 1.1-15). Again, the important caveat to note is that these findings may not be directly 
comparable with the current study in terms of the age of occupants, types of pollution sources and 
different climatic conditions (temperate versus tropical). 
 
4.5.2.1 Rhinitis, Eczema and Flexural Rash 
Allergic rhinitis and atopic dermatitis are the most common allergic disorders that are caused by the dust 
mite in Singapore (Zhang et al., 1997; Chew, 1999). In chapter 3, it was found that dust mite and dog 
allergens were higher in ACMV CCCs when compared to CCCs with other types of ventilation strategies. 
To evaluate the confounding effect of this parameter, additional analyses to include Der p 1, Blo t 5 and 
Can f 1 concentrations were performed. It was found that inclusion of Blo t 5 and Can f 1 floor 
concentrations did not change the effect estimate by 10% or resulted in a significance of a minimum P = 
0.20 for all the allergies symptoms studied. However, Der p 1 floor concentrations fulfilled these two 
requirements and were included in the Cox regression models along with other similar confounders in 
Table 4.17. It was found that after controlling for the influence of Der p 1 concentration, the effect 
estimates for rhinitis, eczema and flexural rash symptoms did not alter significantly (Table 4.30). The 
associations remaining statistically significant for rhinitis symptoms. This shows that the associations 
linking ACMV systems with allergies are independent of the allergen levels. 
 
Table 4.30  Prevalence ratios of asthma and allergies among children according to CCC ventilation 
strategies further adjusted for allergen parameters. 
Prevalence ratio (PR) and 95% confidence interval   
 NV a HB ACMV AC 
Wheeze1 1.00 0.91 (0.67-1.24) 0.88 (0.49-1.59) 1.17 (0.87-1.58) 
Asthma 1.00 1.01 (0.71-1.44) 0.97 (0.47-1.99) 0.93 (0.64-1.36) 
Rhinitis1 1.00 1.04 (0.77-1.40) 1.49 (1.01-2.43)  1.27 (0.94-1.75) 
Rhinoconjuctivitis 1.00 0.96 (0.61-1.52) 0.80 (0.36-1.77) 1.10 (0.68-1.79) 
Eczema 1.00 1.09 (0.76-1.55) 1.73 (0.95-3.14) 1.08 (0.71-1.63) 
Flexural rash1 1.00 1.14 (0.81-1.61) 1.69 (0.92-3.08) 0.83 (0.55-1.24) 
a Reference category is CCC with natural ventilation (NV). 
1 adjusted for the same variables used in Table 4.17 plus Der p 1 floor concentrations. 
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A plausible hypothesis for the association reported here is that air-conditioning and mechanically 
ventilated systems are linked with the presence, production, proliferation and dissemination of 
contaminants that are related to allergies among children through undefined mechanisms but not 
characterized by conventional exposure assessments (Finnegan et al, 1984; Bornehag et al., 2001; 
Seppanen & Fisk, 2002) or those that were not measured in this study. Scientific reviews have shown that 
components of ventilation systems can be emission sources of biological, physical and chemical 
pollutants (Batterman & Burge, 1995; Bluyssen et al., 2003), and the ACMV CCCs in this study are 
located in actual office buildings.  
 
Literature has documented that microbiological exposures related to ventilation systems could be the 
important predictor for allergic symptoms. Different exposure metrics relating to microbiological agents 
found in dust and air such as β-1-3-glucans (Rylander et al., 1999b) and endotoxins (Park et al. 2006) 
have been associated with increased allergic symptoms (among adults). In addition, surfaces within 
ACMV systems in some tropical Singapore buildings surveyed have been reported to be moist, dirty and 
irregularly maintained (Tham et al., 1997). Poor maintenance can increase the risk of soiling and moisture 
in the ventilation system with consequent amplification of microbiological organisms. Water-clogged 
condensate pans and cooling coils provide an ideal surface for microbial growth. These environments 
provide favorable niches supportive for the growth of undesirable microorganisms which can be further 
carried in path of air to be supplied to the children to breathe. Some of these products have been the 
associated with allergic rhinitis symptoms among children (Batterman & Burge, 1995; Nevalainen  & 
Seuri, 2005).  
 
4.5.2.2 Respiratory Symptoms 
Likewise, moisture and debris in ventilation systems, possibly by supporting microbiologic growth, may 
increase adverse respiratory effects. Mendell et al  (2003) had documented that workers in office 
buildings would have a higher risk in at least three out of four work-related lower respiratory symptoms 
attributable to debris in ventilation air intake, (OR 2.0 95% CI : 1.0-3.9), and to poor drainage in air-
conditioning drip pans, (OR 2.6 95% CI: 1.3-5.2). In an earlier study, Mendell et al (1996) reported 
higher adjusted prevalence of lower respiratory symptoms associated with mechanical and air-conditioned 
ventilation relative to natural ventilation (mechanical: OR = 2.9, 95% CI = 0.7-11; air-conditioned: OR = 
4.0, 95% CI = 1.1-15). Menzies et al (2003) reported reduced lower respiratory illness among building 
occupants when ultraviolet (UV) irradiation of cooling coils and drain pans in ACMV systems were 
activated in a blinded study. 
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The high levels of indoor generated CO2 and human related bacteria in poorly ventilated air-conditioned 
CCCs (see Chapter 2) suggest that viral agents could also have caused respiratory infections among 
children leading to higher prevalence in these CCCs. A number of studies have indicated that buildings 
with inadequate ventilation can result in increased transmission of infectious respiratory diseases among 
occupants (Brundage et al. 1988; Drinka et al. 1996; Milton et al. 2000; Shendell et al., 2002, Myatt et al., 
2005). The result for this study showed that the relative risks were significantly higher for chronic phlegm 
and cough symptoms, and lower respiratory illness in low ventilated and air-conditioned CCCs. In these 
aspects, the adverse effects of inadequate ventilation on young children in CCC mirror those in older 
subjects in other building types. Because the immune system of young children attending CCCs are still 
under developed, the results of this study indicate that adequate ventilation should be provided in CCCs. 
 
4.5.2.3 Hybrid Ventilation and Respiratory Symptoms 
Surprisingly, children attending HB CCCs appear to be at high risk for almost all the respiratory 
symptoms. In this study, the HB CCCs, children are exposed to the cold and drier air via air-conditioning 
without ventilation for at least 2 hours in the hot afternoon daily. Elsewhere, Chew et al (1998) reported 
that respiratory tract viral outbreaks of respiratory syncytial virus (RSV) in the tropics were associated 
with higher environmental temperature, lower relative humidity and higher maximal day-to-day 
temperature variations. Earlier, a similar association between incidence of flu and daily maximal 
fluctuations in temperature was observed (Doraisingham et al., 1988). Chew et al (1998) had 
hypothesized that the greater fluctuations in temperature may influence the respiratory epithelium which 
subsequently lead to changes in permeability and increase the susceptibility to infections (Deal et al., 
1980). 
 
An alternative explanation could be related to the change in relative humidity in HB CCCs. Indoor 
relative humidity affects the deposition velocities and viability of infectious agents (Arundell et al., 1986; 
Morawska, 2006). Low relative humidity during air-conditioning period may increase the abundance of 
infectious agents via evaporative processes, reducing their aerodynamic diameters and causing them to be 
suspended in air longer than if they remained bigger under moist conditions (Fitzgerald, 1975; Hanel, 
1977; Smith FB, 1983) during natural ventilation periods.  
 
It is plausible that the fluctuations in temperature as described by Chew et al (1998) and/or the change in 
indoor humidity described above may explain the increased risk of respiratory symptoms among children 
attending HB CCCs. These two hypotheses need further investigations to confirm. 
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4.5.3 Dampness and Molds 
The prevalence of CCC damp stains and mold exposure were 72.6 and 42.3% respectively. This study 
was not able to find any statistically significant associations of visible damp stains or dampness index 
with allergic and respiratory symptoms. However, children attending CCCs with molds on the interior 
surface were at higher risks of chronic and attack of cough, and lower respiratory illnesses. If it is 
assumed that mold growth indicates higher source strength of exposure with reference to damp stains, a 
dose-response relationship with most symptoms can be observed. It has been shown in Chapter 2 that, 
indoor-outdoor concentrations ratios (Figure 2.15) and source strengths of airborne fungi (Figure 2.18) 
were elevated in CCCs with dampness/mold problems compared to those without any dampness problems. 
However, fungal levels did not influence the risk factors significantly suggesting the inappropriateness of 
using total airborne viable fungal counts as representing the causal agents of dampness. 
 
Koskinen et al (1997) reported a longitudinal study on respiratory symptoms and infections among 
children in four CCCs where two were considered moldy and the other two references. They found that 
children in moldy CCCs were at higher crude risk of cough (RR 1.12-1.28) compared to reference CCCs 
(no molds). In an earlier longitudinal study (Koskinen et al., 1995), they reported higher crude risk of 
cough (RR 1.25, 95% CI: 1.07-1.46) among children attending a mold problem CCC. Indeed, the crude 
risks reported in these two longitudinal studies were close to the adjusted risks for this study (PRs 1.20 
and 1.23) using a cross-sectional design. 
 
For the association of moldy CCC with lower respiratory illnesses found in this study, the findings appear 
to be different from those reported elsewhere; elevated risk of the disease with moldy CCC was not 
observed in earlier studies. Koskinen et al (1995) did not find any significant difference in bronchitis 
prevalence among children attending CCCs that were moldy and those that were not. In a cross-sectional 
study by Nafstad et al (2005) among Norwegian CCCs, the authors reported non-significant associations 
between bronchitis (OR 1.52, 95% CI: 0.78-2.96) and pneumonia (OR 0.65, 95% CI: 0.26-1.62) among 
children and CCCs with dampness problems. Since lower respiratory illness defined in this study is a 
composite of four respiratory infections, it is of interest to determine the individual prevalence ratios of 
dampness indicators for each specific illness for comparative purposes. From Table 4.31, it is observed 
that the adjusted PR for bronchitis ranges from 0.86 to 1.04 for various dampness variables while the 
adjusted PR for pneumonia ranges from 0.90 to 1.04. These associations are not statistically significant 
which cohere with the findings of Koskinen et al (1995) and Nafstad et al (2005). 
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The non-significant relationship between dampness or mold exposure in CCCs with asthma and allergies 
among attending children mirrors those reported by Nafstad et al (2005). This could indicate that the 
children were not exposed to ‘dampness’ agents in the CCCs sufficiently to cause significant associations 
with asthma or allergies either due to factors such as limited exposure time, lower strength of exposure 
dose, larger environment and good ventilation. These factors could also be inter-linked considering that 
children in CCCs move around a lot during their typical day thus changing their environmental exposure. 
But this is a difficult confounder to address in this study. 
 
Table 4.31  Specific lower respiratory illness associations with CCC dampness variables 
Lower respiratory illness1 Prevalence ratio (PR) and 95% confidence interval 
 Damp Stains2 Mold2 Dampness2 
Bronchiolitis 1.45 (1.01-2.07)  1.44 (1.06-1.96) 1.39 (0.96-2.02) 
Bronchitis 0.86 (0.70-1.05) 1.04 (0.86-1.27) 0.86 (0.70-1.06) 
Pneumonia 0.90 (0.60-1.36)  1.04 (0.70-1.55) 1.01 (0.65-1.56)  
Croup 1.10 (0.52-2.32)  1.71 (0.84-3.49) 1.22 (0.55-2.71)  
1Adjusted according to Table 4.18. 2 Reference category is children attending CCC with no dampness variables 
 
4.5.4 Building Materials, Cleaning Frequencies and Outdoor Pollution 
4.5.4.1 Wall Wood Panels and Respiratory Symptoms 
This study found that wall wood panels used in CCCs were associated with increased risk (139%) of 
chronic phlegm among children. The associations were also elevated for chronic cough with marginal 
statistical significance (PR: 1.81; 95% CI: 0.89-3.72) while slightly elevated risk were observed for the 
non-significant positive associations between wooden ceiling with chronic cough and phlegm symptoms. 
However, the use of wood panels as flooring was not significantly associated with these symptoms. Wood 
materials are potential sources of chemical emissions which include formaldehyde and acetaldehyde 
(Kelly et al., 1999; Brown et al., 1999; 2002; Chapter 2), which may cause inflammation of the airways. 
To evaluate the differences in these associations, formaldehyde and acetaldehyde data obtained in Chapter 
2 were compared. The boxplots of these variables are presented in Figures 4.2 to 4.3 along with indoor-
outdoor concentration ratios (I-O) of formaldehyde and acetaldehyde (considering their indoor 
concentrations have been found to be associated with corresponding outdoor levels thus necessitating 
normalization). 
 
From Figures 4.2 to 4.3, it is observed that formaldehyde and acetaldehyde levels in CCCs with wooden 
panels on walls and ceilings were consistently higher than those without. The differences were only 
significant for indoor to outdoor ratios of formaldehyde and acetaldehyde for CCCs with wooden walls 
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and those without. After excluding outliers (at the 5% level) according to Dixon’s test (Dixon & Massey, 
1983) the significance for indoor formaldehyde concentration differences between CCCs with wooden 
walls and those without was reduced to P = 0.089. Median and mean formaldehyde levels in CCCs with 
wooden wall panels are 5.5 and 15.7 μg/m3 respectively while median and mean formaldehyde levels in 
CCCs without wooden wall panels are 5.1 and 6.5 μg/m3 respectively. Median and mean acetaldehyde 
levels in CCCs with wooden wall panels are 11.6 and 10.3 μg/m3 respectively while median and mean 
acetaldehyde levels in CCCs without wooden wall panels are 5.4 and 10.1 μg/m3 respectively. Thus, it is 
clear that indoor formaldehyde and acetaldehyde could be linked to the positive associations of chronic 
cough and phlegm among children with wooden walls.  
 
To evaluate the confounding or independent effects of formaldehyde and acetaldehyde, additional 
analyses to include their concentrations were performed. It was found that inclusion of formaldehyde and 
acetaldehyde concentrations resulted in significance tests of P = 0.10 and 0.15 respectively for chronic 
phlegm symptom. When these compounds were included in the Cox regression model (Models 2 & 3), 
the effect estimate for the association between chronic phlegm and wooden wall was reduced to 1.98 for 
formaldehyde but no significant reduction was noted for acetaldehyde (Table 4.32). The prevalence ratio 
of formaldehyde concentration with chronic phlegm was 1.20 (95% CI: 0.97-1.50) in model 2. When the 
wall variable in Model 1 is replaced with formaldehyde concentration, an exposure-response relation 
between measured CCC formaldehyde levels and chronic cough, with a 24 percent increase in risk per 5.4 
μg/m3 (4.4 ppb) of formaldehyde was found (Model 4). No meaningful associations were observed 
between variables linking measured acetaldehyde concentrations. 
 
Table 4.32 Wooden wall, measured formaldehyde and acetaldehyde exposures in CCCs and their 
relation to chronic cough and phlegm 
Prevalence ratio (PR) and 95% confidence interval 
 Chronic Cough  Chronic Phlegm 
Wooden wall  (reference: concrete wall)1 1.81 (0.89-3.72) 2.39 (1.17-4.90) 
Wooden wall (reference: concrete wall) 2 1.47 (0.72-3.00) 1.98 (0.96-4.10) 
Wooden wall (reference: concrete wall) 3 1.61 (0.79-3.31) 2.25 (1.09-4.67) 
Formaldehyde per 5.4 μg/m3 increase 4, a 1.11 (0.94-1.32) 1.24 (1.01-1.53) 
Acetaldehyde per 5.5 μg/m3 increase5, b 1.03 (0.87-1.22) 0.96 (0.79-1.18) 
1 Model adjusted for confounders similar to those in Table 4.19; 2 Model adjusted for confounders similar to 1 but with indoor 
formaldehyde concentration; 3 Model adjusted for confounders similar to 1 but with indoor acetaldehyde concentration; 4 Model 
adjusted for confounders similar to those in Table 4.19 but with wall variable replaced with indoor formaldehyde concentration; 5 
Model adjusted for confounders similar to those in Table 4.19 but with wall variable replaced with indoor acetaldehyde 
concentration. a, b Median concentrations for formaldehyde and acetaldehyde: 5.4 and 5.5 μg/m3 respectively.  
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Figure 4.2 Indoor Concentrations and I-O Ratios of Formaldehyde for CCCs with Wooden Walls, 
Ceilings and Flooring. 
 
Figure 4.3 Indoor Concentrations and I-O Ratios of Acetaldehyde for CCCs with Wooden Walls, 
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Formaldehyde has been reported to be an irritating gas that mainly affects the eyes and upper airways. 
However, chronic exposure to home levels of formaldehyde has been associated with decreased peak 
expiratory flow (Kryzyzanowski et al., 1990), bronchial hyperreactivity (Czap et al., 1993) and even 
asthma and allergies (Garrett et al., 1999). Franklin et al (2000) have demonstrated that chronic exposure 
to low levels of formaldehyde may induce an inflammatory response in the airways. Thus, formaldehyde 
emissions from wooden wall panels in the CCCs could plausibly contribute to adverse respiratory 
symptoms among the children despite the recorded low levels.  
 
It is also noted that the risk after controlling for the effects of formaldehyde is still relatively high (PR: 
1.98; 95% CI: 0.96-4.10) with marginal significance (P = 0.065). This could be due to the presence of 
other factors such as biologic and non-biologic particles associated with wooden structures (Meklin et al., 
2002; 2003). Furthermore, microbial growth in the wooden panels may also drive the association with the 
respiratory symptoms. This hypothesis remains to be tested. 
 
4.5.4.2 Recent Painting in CCCs and Chronic Cough 
This study has shown that children attending CCCs that were recently painted (within 1 year) were 
associated with increased risk of chronic cough. Studies on adverse effects of painting emissions on 
children are rare (Jaakkola et al., 2004) and none has reported the effects in CCC environments. In the 
working population, studies have reported that painters have an increased risk for asthma, allergy and 
respiratory symptoms (Dahlqvist and Ulfvarson 1996; Wieslander et al. 1994a, 1994b, 1997). Painting 
emissions in the CCCs are likely to expose children to similar chemicals, which include a large variety of 
irritative and allergenic substances (Estlander et al. 2000; Wieslander et al. 1994a; 1994b; 1997), with 
paint and dust exposure predominating. Although, it could be expected that children’s exposure to these 
agents in the CCCs may not be as high as those encountered by painters performing the activity, 
nonetheless, the exposure levels will be higher immediately after painting followed by lower levels 
occurring for longer periods.  
 
This study however, cannot identify the possible agents of the painting activities found to be associated 
with chronic cough. The concentrations differences of VOCs and carbonyls were not statistically 
significant for CCCs with and those with no recent painting (Table 4.33) even among compounds that 
were classified as coming from water based paints (WBP) using PCA analysis. This maybe due to the fact 
that causal agents associated with chronic cough symptoms are not related to WBP compounds or 
possibly due to dust particles linked to painting activities.  
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Table 4.33 VOCs and carbonyls in CCCs that with recent painting and no recent painting. 
Recent painting 
No Yes 
Compounds Mean Std Dev Median Mean Std Dev Median 
P value
2-propanol  10.8 31.8 2.2 7.7 15.7 1.8  >0.10 
Isoprene  0.2 0.1 0.1 0.3 0.2 0.1 >0.10 
1,1,1-trichloroethane 0.1 0.1 0.1 0.2 0.1 0.1 >0.10 
Benzene  31.1 27.6 25.3 35.6 28.6 33.1 >0.10 
Butanol  2.1 5.7 0.5 1.0 1.7 0.4 >0.10 
n-heptane  0.8 1.1 0.3 0.6 0.6 0.3 >0.10 
Trichloroethene 0.8 0.4 0.6 1.0 0.7 0.6 >0.10 
Toluene  28.3 24.0 23.4 29.7 38.4 16.3 >0.10 
Tetrachloroethene  0.8 0.5 0.6 0.9 0.6 0.6 >0.10 
Butylacetate  0.5 0.7 0.2 0.9 3.2 0.2 >0.10 
Ethylbenzene  3.2 5.4 0.4 4.1 8.4 0.4 >0.10 
m/p-xylene  10.6 21.0 6.7 7.4 8.2 4.4 >0.10 
Styrene 6.2 21.5 2.4 4.4 4.5 3.2 >0.10 
o-xylene  17.0 33.7 10.8 12.3 13.2 7.4 >0.10 
2-butoxyethanol  0.4 0.2 0.3 0.5 0.3 0.3 >0.10 
α-pinene  0.6 2.3 0.1 0.2 0.3 0.1 >0.10 
β-pinene  0.1 0.1 0.1 0.1 0.1 0.1 >0.10 
1,3,5-trimethylbenzene in 1.0 0.9 0.7 1.1 1.1 0.7 >0.10 
n-decane  0.6 1.0 0.3 0.5 0.4 0.3 >0.10 
1,4-dichlorobenzene  2.8 3.6 0.9 2.4 4.8 0.9 >0.10 
Limonene  3.5 15.7 0.6 1.6 3.1 0.6 >0.10 
2-ethyl 1-hexanol  1.4 3.4 0.2 0.9 1.3 0.4 >0.10 
Naphthalene 2.6 3.0 1.4 3.2 8.5 1.3 >0.10 
n-hexadecane  0.6 0.4 0.5 0.5 0.4 0.4 >0.10 
Formaldehyde  12.1 14.8 7.2 10.7 13.0 6.9 >0.10 
2-propanone 9.4 15.4 3.9 9.4 16.1 3.0 >0.10 
Acetaldehyde 9.7 9.6 6.3 9.4 10.0 6.3 >0.10 
Methylisobutylketone  0.8 2.2 0.2 1.9 9.3 0.2 >0.10 
Benzaldehyde 2.2 1.7 1.8 2.2 1.8 1.8 >0.10 
Acetophenone 0.8 0.7 0.6 0.8 0.8 0.7 >0.10 
Nonanal 0.9 0.7 0.8 0.8 0.8 0.7 >0.10 
 
4.5.4.3 Plastic Tiles and Blinds 
Use of plastic vinyl tiles in home have been shown to be associated with allergic respiratory symptoms 
among children in Norway (Jaakkola et al, 1999) and Russia (Jaakkola et al, 2004). Comparatively 
however, this thesis showed lack of associations between the two variables in CCCs. This could have 
been influenced by several factors: 1) Building volume in CCCs are much larger than that in homes, such 
that the strength of exposure may not be as intense as in the latter; 2) the postulated accumulation of 
inhalable particles contaminated with agents of PVC origin (Øie et al. 1997) did not occur as frequently in 
CCCs due to the strict cleaning regimes, and 3) geographical variation in causal agents constituents in 
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vinyl flooring. Elsewhere in Sweden, Emenius et al (2004a) and Bornehag et al (2005b) did not find any 
significant association of PVC flooring in the homes with asthma and allergies in preschool children.  
 
Unexpectedly, the use of plastic vinyl tiles in CCCs was found to be protective of chronic cough and 
phlegm. This could be attributed to the parents of symptomatic children prefering to send their children to 
CCCs with vinyl flooring due to their provision of better thermal insulation relative to concrete and 
ceramic tiles. Also, the use of blinds in CCCs was significantly protective of eczema and flexural rash 
symptoms. Although, not statistically significant, the use of textile curtains was protective too. A possible 
explanation for this observation could be attributed to some form of removal of aeroallergens from the 
outdoors into the indoors. These two hypotheses need further investigations to confirm. 
 
4.5.4.4 Traffic and Outdoor Pollution Sources 
It is observed that CCCs near bigger and busier roads are protective of cough and respiratory symptoms. 
This is despite data showing indoor concentrations of traffic related pollutants such as benzene to be 
higher in bigger and busier roads relative to smaller and less traffic density roads (Figure 4.4). This 
observation can be explained by the fact that parents of symptomatic children deliberately place their 
children in CCCs away from traffic exposures. Table 4.34 demonstrated that significantly higher 
proportions of parents of symptomatic children avoided sending their children to CCCs near traffic 
sources. It is also observed that the prevalence ratio for the association of industrial pollution with rash 
symptoms were protective. Although, no questions were asked regarding avoidance behavior in sending 
children to CCCs near industrial sources, it is highly plausible that parents of symptomatic children avoid 
these centers because they suspect that such an exposure will also increase the risk of symptoms.  
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Table 4.34 Prevalence of avoidance behavior to traffic sources in CCCs with health outcomes 
Avoidance Behavior (CCCs near traffic sources) 
No (N=3114) Yes (N=1431) 
Health Outcome 
N  % N  % 
Asthma and allergies 
No 2665 85.6  1172 81.9  Wheezea 
Yes 449 14.4  259 18.1  
No 2766 92.7  1277 92.3  Asthma 
Yes 219 7.3  107 7.7  
No 2350 75.5  1027 71.8  Rhinitisa 
Yes 764 24.5  404 28.2  
No 2898 93.1  1292 90.3  
Rhinoconjuctivitisa Yes 216 6.9  139 9.7  
No 2743 88.1  1226 85.7  Eczemaa 
Yes 371 11.9  205 14.3  
No 2807 90.1  1243 86.9  Flexural rasha 
Yes 307 9.9  188 13.1  
Respiratory symptoms 
No 1762 75.8  790 72.7  Chronic cougha 
Yes 562 24.2  296 27.3  
No 1406 79.5  650 74.9  Chronic phlegma 
Yes 362 20.5  218 25.1  
No 2276 76.1  944 69.0  Attacks of cougha 
Yes 716 23.9  424 31.0  
No 2030 79.8  890 76.1  Lower respiratory illnessa 
Yes 514 20.2  280 23.9  
aχ2 test, P <0.05 comparing prevalence of symptoms and disease by avoidance behavior. 
 
4.5.4.5 CCC Cleaning Frequencies 
This study did not find any association between different cleaning frequency variables with asthma, 
allergic and respiratory symptoms. The type of cleaning product used for cleaning was not asked; 
therefore, the study was limited in its ability to identify a more accurate and positive health associations 
with potential etiologic agents. Cleaning products and chemical solvents are known respiratory irritants 
affecting the mucosa (Nazaroff & Weschler, 2004). Among adults, a modest increased risk from working 
as a janitor or cleaner is supported in population-based studies in Singapore (Ng et al, 1994a), from the 
European Community Respiratory Health Survey study (Kogevinas et al., 1999), the United States 
(Rosenman et al., 2003), and Finland (Jaakkola et al., 2003). However, in a French community-based 
study, asthma was not related to the occupation of cleaner, but exposure to industrial cleaning agents was 
(Le Moual et al., 2004). Thus, it is highly probable that an accurate description of exposure to cleaning 
agents is necessary to elucidate the impact of cleaning regimes of CCCs with children’s health. 
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4.5.5 Strengths and Limitations 
Several aspects of this study are noteworthy as strengths. First, this study population consisted of a large 
number of children in 97 CCCs that were randomly selected. These CCCs are well scattered throughout 
the island covering different geographical locations (see chapter 2) which makes the estimates of asthma, 
allergic and respiratory symptoms prevalence and occurrence relations unbiased estimates of the 
population. Second, it has been recognized that for cross-sectional data, estimating PRs by Cox’s 
regression would result in more reliable and conservative estimates of risk compared to estimating odds 
ratio by logistic regression (Lee & Chia, 1993; Skov et al., 1998). Therefore, from a statistical point of 
view, the estimated risk levels of the present study can be viewed as relatively unbiased. Third, this study 
linked symptoms data gathered from parents report with exposures as assessed by a building scientist. 
This methodology eliminates common problems of dependence between exposure and symptoms faced 
by cross-sectional studies in which health and exposure data comes from the same source (Kristensen, 
1992) 
 
The choice of confounders in the multivariate modeling has been selected using the CIE and STC criteria. 
However, it is important to identify if any factor is potentially an intermediate step in the pathway, failing 
which, further adjustments for it will attenuate the true effect We found familial atopy to be a confounder 
which should be adjusted for and not a predisposing factor when evaluating the associations between 
exposure with health outcome. When this variable were removed in the final model, the effect measure 
changed to a value greater than 10% compared to that with the variable included. This observation is 
similar to other community studies performed in Singapore where familial atopy has been reported to be a 
confounder in the relation between exposures and health outcomes (Chew, 1998; Tan, 2002). 
 
This study has some limitations that may influence the interpretation of the results. Given that this study 
included children from 97 CCCs conducted in a limited geographical area and tropical climate, the results 
may not be representative of other CCCs in different climates. The findings are based upon cross-
sectional data and are subject to the sampling and information bias, and problems relating to the lack of 
sequence in time between symptoms and exposure, some of which are discussed in detail below.  
 
Although the response rate of 70.0% was reasonably high, the possibility of sampling bias should still be 
considered. From the randomly selected non-respondents (N=220), more were somewhat likely to be 
male (58% vs 53%) and chinese (87.0% vs 81%). As a greater risk of asthma and allergies in young 
Singapore children is associated with males and Chinese (Goh et al., 1996), the relative risks associated 
with the gender and race might be underestimated resulting in the adjustments for these confounders in 
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the analyses to be less than adequate. But this is likely to be minimal. Even if not all parents gave reasons 
for their refusals to participate, in many cases it was due to their inability to find time to complete the 
questionnaire (‘too busy’). It has been reported that in many community surveys, the non-Chinese is more 
likely to consent to surveys than Chinese. What this means is that the poorer responses are a reflection of 
a cultural and socioeconomic characteristics rather than a health related bias (Ng et al., 1994b). Finally, 
there was little evidence to indicate that the response would have been affected concomitantly by the 
symptom and exposure status. 
 
The effect of information bias on the magnitude of the observed association must also be considered. It 
maybe reasonable to expect that the parents who sent their children to ACMV and AC CCCs to report 
more symptoms readily than parents who sent their children to NV CCCs and similarly, children in moldy 
CCCs. However, this was improbable because of 2 factors. First, the influence of parents avoiding to send 
their children to air-conditioned CCCs (a healthy worker effect) has been controlled in the multivariate 





This study provides an investigation into the associations of CCCs characteristics with asthma, allergies 
and respiratory infections among attending preschool children. CCC characteristics evaluated were 
ventilation strategies, dampness, building materials, cleaning and maintenance and outdoor sources of 
pollution. Questionnaires were used to solicit personal, home and health relevant information regarding 
the children while CCC characteristics were performed via building inspections and interviews. In general, 
this study shows that asthma symptoms among children were not associated with CCC characteristics. 
Among the allergy symptoms studied, only risk of current rhinitis was significantly higher among 
children attending ACMV CCCs compared with NV CCCs (PR 1.48; 95% CI:1.03-2.22). This risk 
remains significant after controlling for the influence of dust mite allergens. Lower prevalence for most 
asthma and allergy, and respiratory symptoms were observed for children attending naturally ventilated 
CCCs. Air-conditioned CCCs were also associated with higher prevalence of phlegm (PR range from 
1.23 to 2.14) and cough symptoms (PR = 1.23) and lower respiratory illness (PR range from 1.37 to 1.51). 
It is highly probable that the presence of microbiological agents in air-conditioning and ventilation 
systems is contributing to morbidity. Overall, results are consistent with office studies that have 
demonstrated associations between air-conditioning with allergic rhinitis and respiratory symptoms 
among adult workers. Unexpectedly, children attending HB CCCs are at high risk for almost all the 
respiratory symptoms studied.  




This study did not find any significant associations of frequencies of floor, shelf, curtain, toilet, toy and 
mattress cleaning with asthma, allergy and respiratory symptoms. However, children in moldy CCCs 
were associated with higher risks of chronic (PR 1.20; 95% CI:1.01-1.43) and attack of cough (PR 1.23; 
95% CI:1.06-1.40) and lower respiratory illnesses (PR 1.19; 95% CI:1.01-1.40) but not asthma and 
allergy symptoms. Recent painting in CCCs was associated with increased risks of chronic cough 
symptoms among attending children (PR 1.21; 95% CI:1.02-1.43). Children attending CCCs with wall 
wooden panels were associated with higher risk of chronic cough (PR 1.81; 95% CI: 0.89-3.72) and 
phlegm (PR 2.39; 95% CI:1.17-4.90) partially due to the formaldehyde levels. The protective effects of 
CCCs near bigger and busier roads, for cough and phlegm symptoms are indicative evidence that parents 
of symptomatic children deliberately avoid these centers.  
 






HOME INDOOR RISK FACTORS AND 





Human beings live 90% of their times indoors. Most of their time is spent in the homes with residence 
times in the US, Canada and Germany reported to be strikingly similar; 15.5 to 15.7 hours per day 
(Brasche and Bischoff, 2005). The same report has also documented that preschool children spend a 
longer time in the home compared to adults. Until recently, little attention has been paid to the potential 
health impact related to home indoor exposures. In Singapore, preschool children who attend CCCs can 
spend most of their time in their homes. Indeed, the home indoor environment can have a significant 
impact on health and well beings of preschool children. Thus, risk of exposures to harmful indoor air 
pollution within homes should be evaluated.  
 
5.2 LITERATURE REVIEW 
 
5.2.1 Home Dampness/Molds and Children’s Asthma and Allergies  
It has been reported that dampness in buildings, which includes history of water damage, leakage, wet 
spots, condensation, water ponding, visible mold, mold odor and signs of excess moisture or microbial 
growth is a common problem in many countries where the climate is moist (Bornehag et al., 2001, IOM, 
2004b). Inference based on the review of large number of studies in dwellings (Bornehag et al., 2001), 
suggest that dampness and mold problems are likely to be common in a wide range of climatic conditions. 
However, the causes of dampness problems vary substantially from climatic region to another (Jaakkola, 
2000). There is no single cause of excessive indoor dampness, and the primary risk factors for it differ 
across climates, geographic area, and building types (Bornehag et al., 2001, IOM, 2004). These include 
high water contents in indoor air and building materials, leakages, flooding and poor ventilation. 
Regardless of the nature of the cause, one consequence of indoor dampness is new or enhanced growth         
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of microbial agents such as fungi, bacteria, virus and others (Nevalainen & Seuri, 2005; IOM, 2004; 
Hersoug, 2005). Damp indoor environments also have been reported to favor house dust mites 
proliferation (IOM, 2004; Zock et al., 2006), cockroach and rodent infestations (IOM, 2004), and 
excessive moisture may even initiate chemical emissions from building materials and furnishings (IOM, 
2004; Nevalainen & Seuri, 2005). 
 
Various human health effects have been attributed to dampness in buildings. Respiratory symptoms are 
most often researched, but other symptoms and clinical outcomes have also been examined in studies 
(Bornehag et al., 2001). Of particular interest, asthma and allergies have been reported to be associated 
with different indicators of residential dampness in preschool children (Bornehag et al., 2001; IOM, 2004) 
in epidemiological surveys spanning different study designs.  
 
For asthma, in a cross-sectional study involving 2568 Finnish preschool children, Jaakkola et al (1993) 
documented higher odds of persistent wheeze (POR: 2.6; 95% CI: 1.4-4.9) and current asthma (POR: 1.1; 
95% CI: 0.5-2.2) for children exposed to dampness. The authors reported a dose-response relation of the 
occurrence of asthmatic symptoms associated with the frequency of days with mold odor and also a 
compatible time sequence between water damage taking place more than a year ago and the occurrence of 
symptoms during the past year.  In another cross-sectional study of 10841 Swedish children, Bornehag et 
al (2005b) reported that dampness in homes were associated with higher prevalence of current symptoms 
of wheeze and doctor-diagnosed asthma in both crude and adjusted analysis. Additionally, they found that 
a combination of water leakage in the home and PVC as a flooring material was associated with higher 
prevalence of these symptoms in children. A Norwegian matched case-control study (Nafstad et al., 1998) 
involving 251 two year old children with bronchial obstruction and 251 paired controls found that 
dampness problems increased the risk of bronchial obstruction (OR: 3.8; 95% CI: 2.0-7.2). They reported 
that residential dampness problems in dwellings seem to increase symptoms and signs of bronchial 
obstruction in the children, without increasing their exposure to house dust mites. A nested case-control 
study within a Swedish cohort studying 181 cases and 359 matched controls, Emenius et al (2004a) 
reported that recurrent wheeze was associated with reported dampness (OR: 1.4; 95% CI: 0.9-2.2). This 
association was even stronger when inspectors evaluated signs of dampness (OR: 1.6; 95% CI: 1.0-2.5) 
with dose-response pattern observed for the different number of occurrences of dampness. In another 
study, Emenius et al (2004b) reported that recurrent wheeze in these children was significantly associated 
with homes with absolute humidity > 5.8 g/kg (OR: 1.7; 95% CI: 1.0-2.9) and where windowpane 
condensation was reported (OR: 2.2; 95% CI: 1.1-4.5). Slezak et al., (1998) reported associations of self 
reported dampness/molds with wheeze (OR: 2.0; 95% CI: 1.4-2.9) in 1085 Chicago children in a cohort 
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study. They reported that the corresponding OR for self-reported diagnosed asthma was 1.9 (95% CI: 1.2-
3.0). A cohort study (Jaakkola et al., 2005) conducted in Espoo, Finland documented that the presence of 
mold odor in the children’s home reported at baseline (adjusted IRR 2.44; 95% CI, 1.07-5.60) were found 
to be an independent determinant of asthma incidence. The IOM (2004) has concluded that a consistent 
association between wheeze and various indications of indoor dampness has been established while 
suggestive evidence of an association between exposure to a damp indoor environment and the 
development of asthma has been found. 
 
For rhinitis and eczema symptoms, Bornehag et al (2005b) reported higher prevalence of current 
symptoms of rhinitis and eczema with home dampness. Jaakkola et al (1993) documented higher odds of 
nasal congestion (OR: 2.4; 95% CI: 1.2-5.0) for children exposed to dampness. Indeed, less work was 
found to study the associations of allergies in young children with home dampness. 
 
5.2.2 Home ETS exposure and Children’s Asthma and Allergies 
Environmental tobacco smoke (ETS) is a highly prevalent respiratory irritant and the adverse effects of its 
exposure mirror those associated with active smoking (IOM, 2000). There is convincing evidence that 
exposure to ETS is causally associated with an increased prevalence of asthma and wheeze in children 
and that exposure to ETS aggravates asthma in childhood (IOM, 2000). Strachan and Cook (1998a) 
conducted a meta-analysis on ETS studies to assess the effects of parental smoking on the prevalence of 
asthma and wheeze. They reported that for either parent smoking, the pooled OR were 1.21 (95% CI 
1.17–1.31) for asthma and 1.24 (95% CI 1.27–1.53) for wheeze. Dose-dependent relationships between 
the prevalence of asthma and wheeze and parental smoking were found. They also found that while 
maternal smoking had a greater effect than paternal smoking, the effect of paternal smoking alone was 
clearly significant suggesting that the postnatal effect is important. Asthmatic children with mothers who 
smoke were found to have more severe asthma when compared with those whose mothers did not smoke 
(IOM, 2000). Many of these asthma attacks led to emergency room visits or hospitalization. Intervention 
measures to reduce exposure to ETS resulted in decreased healthcare utilization (Lindfors et al., 1995).  
 
However, most of these studies were performed among children either in their infancy (below 1.5 years 
old) or older than 6 years old (DiFranza and Lew, 1996; IOM, 2000; Cook and Strachan, 1997). Recent 
meta-analyses concluded that ETS plays an important role in the health of children with the effect of ETS 
appearing to change depending on the age studied (DiFranza & Lew, 1996). Much of the work in young 
children has focused on the first year of life, when a strong effect has been reported consistently (Harlap 
& Davies, 1974). The few studies that have attempted to evaluate the change in the effect of ETS over the 
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first 5 or so years of life have found the effect of ETS is limited primarily to the first few years of life 
(Colley et al., 1974; Fergusson et al., 1985).  
 
A local epidemiological study of allergic respiratory disease among preschool children in Singapore had 
reported lesser burden of respiratory symptoms and morbidity in children whose fathers smoke (Tan, 
2002). The POR reported was 0.77 (95% CI: 0.61-0.98) for the association of paternal smoking in past 1 
year with increased asthma morbidity. For maternal smoking, the association was positive although non-
significant (PR: 1.20; 95% CI: 0.67-2.14). The author had attributed this observation to the frequent 
contact between the child and mothers as opposed to fathers. No information was provided whether the 
ETS exposure was in the homes or outdoors. ETS exposures in these 2 environments can have different 
dose effects considering ventilation is lower in the homes than the outdoors.  
 
While most of the works relating ETS exposures had focused on asthma and wheeze in children, there 
have been very few studies performed on the associations with rhinitis and eczema symptoms. Literature 
reviews of these studies showed conflicting results with no associations in some, and both significant 
increased or reduced risk of symptoms in others. Biagini et al (2006) reported that ETS exposures was 
associated with an increased risk of developing allergic rhinitis at age one (OR: 2.7; 95% CI: 1.0-6.8) and 
rhinitis symptoms during the first year (OR: 1.9; 95% CI: 1.1-3.2) for US infants. However, Raherison et 
al (2006) documented that there was no association between atopy, rhinitis, eczema and parental smoking. 
In a cross-sectional study among 6-yr-old Japanese children (Kurosaka et al., 2006), ETS exposure was 
related to a significantly lower prevalence of allergic rhinitis (POR: 0.83; 95% CI: 0.77-0.89). The 
protective effects of ETS exposures to allergic symptoms were also observed in a Swedish study among 
7844 3 year old children (Magnusson et al., 2005); the authors reported reduced effect estimates for 
hayfever (POR; 0.8; 95% CI: 0.7-1.0) and atopic eczema (POR: 0.8; 95% CI: 0.7-0.9) obtained for 
children exposed in late pregnancy compared with those non-exposed. Similarly, the smoking 
associations with eczema were significantly low (POR: 0.8; 95% CI: 0.7-0.9) in a study among South 
Australian preschool children (Volkmer et al., 1995). Indeed, the systematic review of Strachan and Cook 
(1998b) showed that the effects of ETS exposure on IgE levels, skin prick positivity, and allergic rhinitis 
or eczema in children found studies that confirm as well as studies that fail to show a significant effect 
resulting in a balance of evidence. 
 
5.2.3 Home Building Materials and Children’s Asthma and Allergies 
Building materials used within the homes includes chemicals such as phthalates, formaldehyde, and 
organic and inorganic particles, which are potential sources of indoor air pollutants. Studies of exposures 
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to some of these chemicals among young children include inducing harmful immunologic responses in 
the airways, increased risk of bronchial hyperresponsiveness and asthma (Jaakkola et al., 1999; Oie et al., 
1999; Garrett et al., 1999; Bornehag et al., 2004a) and increased prevalence of wheeze (Jaakkola et al., 
2000) and allergies (Garrett et al., 1999; Bornehag et al., 2004a).  
 
The surface materials used in wall-to-wall carpets, wallpapers, and furniture may emit chemical 
compounds, and they may serve as sources of particulate pollution (Jaakkola et al., 2000). Polyvinyl 
chloride (PVC) materials are potential emission sources of the chemicals used for example, plasticizers, 
adhesives, solvents, and stabilizers in production (Kavlock et al., 2002a; 2002b). Such emissions usually 
take place over a long time. Recent epidemiologic studies carried out among preschool children in 
Scandinavia (Jaakkola et al., 1999; 2000; Oie et al., 1999; Bornehag et al., 2004a) have shown relations 
between the amount of textile wall material and plasticized polyvinyl chloride materials at home and 
asthma, bronchial obstruction, and lower respiratory symptoms. Renovation measures, such as painting, 
varnishing and installations of built-in wooden furnitures, result in an increase in chemical emissions, 
which will then decline rather sharply over time. In a recent study of 5,951 Russian schoolchildren 8–12 
years of age in nine cities, the risks of asthma, wheezing, and allergies were related to the installation of 
new linoleum flooring, synthetic carpet, wall covering, and particle board, as well as recent painting and 
the presence of new furniture (Jaakkola et al., 2004). Garrett et al (1999) have shown that low level 
exposure to indoor formaldehyde in Australian homes may increase the risk of allergic sensitization to 
common aeroallergens in children. Emenius et al (2004a) had shown that recurrent wheezing for 2 yr olds 
Swedish children were significantly associated with repainting, particularly in the child’s bedroom (OR: 
1.7; 95% CI: 1.1-2.6). No studies have reported the effects of home renovation on the risk of asthma and 
allergies among young children. 
 
Textile materials are potential sources of biologic and non-biologic particles, as well as chemical 
emissions (Wallace, 2000), which may cause inflammation of airways through allergic or irritative 
mechanisms. Besides the actual materials used in the production of textiles, particles attached to the 
surface may be resuspended and the chemicals adsorbed may be emitted into indoor air. In addition, dust 
mites can also find suitable microenvironments in carpets that are optimal for their proliferation (IOM, 
1993; Zhang et al., 1997). The allergens associated with these mites may be resuspended into indoor air 
when disturbed and potentially cause sensitization and subsequent manifestations of symptoms (IOM, 
1993). Studies of associations of carpets with asthma among older children have been conflicting; 
Behrens et al (2005) found significantly reduced risk of asthma symptoms among German children with 
carpets in the bedroom, but Jaakkola et al (2004) reported significantly higher odds (POR: 1.7; 95% CI: 
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1.2-2.4 for last year; POR: 1.2; 95% CI: 1.0-1.6 for earlier) of wheezing in Russian children with presence 
of carpets. In Taiwan, the presence of carpets was found to be not associated with asthma, cough, wheeze, 
bronchitis and allergic rhinitis (Yang et al., 1997). However, Jaakkola et al (2004) reported significantly 
higher odds (POR: 1.4; 95% CI: 1.1-1.8 for last year; POR: 1.2; 95% CI: 1.0-1.5 for earlier) of allergic 
rhinitis in the Russian study. Unfortunately, only one study has reported the effects of home carpeting on 
the risk of bronchial obstruction among young children. Jaakkola et al (1999) reported that carpeting in 1 
or more rooms was not associated with bronchial obstruction (OR: 0.7; 95% CI: 0.5-1.1).  No studies 
have been performed on home carpet associations with allergies in young children. 
 
5.2.4 Indoor Combustion Sources and Children’s Asthma and Allergies  
Domestic combustion of fuels, in particular, the use of gas appliances in a poorly ventilated kitchen and 
heating appliances during cold seasons, produces high indoor concentrations of particulates, nitrogen 
dioxide, and nitric oxide (IOM, 2000). However, the extent to which cooking or heating with gas relative 
to electricity is hazardous to children’s health still remains unclear, largely because of the inconsistent 
epidemiological findings. Indeed, historical studies among older children revealed inconsistent 
associations of cooking and asthma. In a recent study performed among Russian children, Spengler et al., 
(2004) recorded higher odds of current doctor diagnosed asthma with gas cooking fuel. This was different 
from the earlier study performed in the US showing no relation of asthmatic symptoms among 15523 US 
children with gas cooking. Schenker et al., (1983) reported that the use of gas cooking stoves was not an 
independent risk factor for any asthma in US children. In a longitudinal study conducted in the 80s, the 
Six Cities Study documented no associations of asthmatic symptoms and pulmonary function of 
preadolescent children with gas cooking (Ware et al., 1984). No association of gas cooking appliances use 
with asthma, wheeze or allergic rhinitis was reported in Taiwanese children (Yang et al., 1997). Burr et al 
(1999) reported no associations of gas cooking with asthma and allergies among British children but 
documented that heating using mains gas, bottle paraffin and other means significantly increased the odds 
of wheeze and rhinoconjunctivitis. No associations were observed for both gas cooking and heating with 
asthma symptoms among children in Prague, Poznan, Huddersfield and Amsterdam (Fischer et al., 1998). 
 
Only 3 studies relating gas heating and cooking with asthma and allergies among preschool children were 
found. Volkmer et al (1995) showed that cooking using natural gas was associated with higher odds of 
asthma (POR: 1.15; 95% CI: 1.02-1.30), current wheeze (POR: 1.13; 95% CI: 1.01-1.26) and hay fever 
(POR: 1.24; 95% CI: 1.11-1.38) in South Australian preschool children. Similar elevated odds were 
observed for these symptoms among Adelaide preschool children exposed to cooking with natural gas.  In 
Hong Kong, Wong et al (2006) reported that gas cooking in the homes was associated with higher odds of 
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preschool children having one or more respiratory illnesses (allergic rhinitis, asthma, bronchitis, sinusitis 
and pneumonia). The authors reported that there was a dose-response relation between the frequency of 
gas cooking and the prevalence of respiratory illnesses in one of the studied estates that recorded lower 
outdoor air pollution. In the PIAMA study conducted in Netherlands, Willers et al (2006) reported that 
gas cooking was associated with rhinitis (POR: 1.34; 95% CI: 1.06-1.71) but not asthma (POR: 1.50; 95% 
CI: 0.90-2.49) or eczema (POR: 0.97; 95% CI: 0.74-1.26). They also documented that sensitization was 
not associated with gas cooking (POR: 1.06; 95% CI: 0.63-1.79). In summary, it appears that the health 
effects of gas cooking seem to be stronger among the preschool children that those that are older. 
 
5.2.5 Pet Exposures and Children’s Asthma and Allergies 
The associations of home pet exposure and asthma and allergies in children are unclear (Ahlbom et al., 
1998). Exposure to pet animals has been shown to be positively associated with asthma and allergy 
(Strachan & Carey, 1995; McConnell et al., 2002) while other studies have shown no effects (Lau et al., 
2000), particularly among the younger children (Apelberg et al., 2001). Several epidemiologic studies 
have also reported that asthma or allergy is less common among subjects who kept a pet in childhood 
(IOM, 1993; 2000; Ahlbom et al., 1998). On the basis of the currently available evidence, any association 
among home pet exposures with sensitization and symptoms can be supported (ie, increase in risk (Melen 
et al., 2001), protection (Remes et al., 2001), or no effect (Rhodes et al., 2001)).  This finding could be 
due to the fact that it is biologically plausible that exposure to pets under certain conditions might 
contribute to a non-allergic immunologic development by inducing tolerance (Platts-Mills et al., 2001) or 
by selective avoidance because subjects at risk for asthma or allergy might tend to avoid keeping pets 
because of allergic symptoms or because of counseling from physicians and the media (Bornehag et al., 
2003). Avoidance or removal of a pet because of allergy was reported by 1.7% and 12%, respectively, of 
parents in a Dutch children's study (Brunekreef et al., 1992) and by 27% and 10%, respectively, of parents 
in a Swedish children's study (Bornehag et al., 2003). Indirect signs of selective avoidance are reported in 
several studies (Apelberg et al., 2001; Anyo et al., 2002). Currently it is still inconclusive whether pet 
exposures in homes are associated asthma and allergies, especially in young children. 
 
5.2.6 Home Air Conditioning 
Air conditioning is an appliance, system, or mechanism designed to extract heat from the indoors using a 
refrigeration cycle. Its use is mainly motivated for thermal comfort purposes and not ventilation. Because 
of the fact that there is no special provision made for ventilation, air conditioned rooms have been 
reported to have lower ventilation rates compared to those that are naturally ventilated (Suh et al., 1992; 
Sekhar, 2004). This could translate to a built-up of pollution in the latter if the source is present in the 
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room. Indeed, Wong and Huang (2004) reported higher concentrations of carbon dioxide and human 
related bacteria in air conditioned bedrooms compared to naturally ventilated ones in Singapore homes. In 
addition, air conditioners can be a source of indoor pollution if their cleaning is irregular which can lead 
to the accumulation of dirt in the filters. 
 
Only two studies have documented analyses relating home air conditioning with asthma and allergies 
among old children. Spengler et al., (1994) reported that air conditioning use in US homes was 
significantly associated with higher odds of bronchitic symptoms (POR: 1.28; 95% CI: 1.12-1.47). The 
association for asthmatic symptom appears to approach significance (POR: 1.10; 95% CI: 0.97-1.26). 
Yang et al (1997) reported that there were no associations of air conditioning use with asthma (POR: 1.25; 
95% CI: 0.80-1.95), wheeze (POR: 1.05; 95% CI: 0.73-1.50) and rhinitis (POR: 1.24; 95% CI: 0.97-1.59). 
In the only study among preschool children, Volkmer et al (1995) reported that South Australian children 
had higher odds of hay fever (POR: 1.23; 95% CI: 1.10-1.38) associated with air conditioning. No 
significant associations were found for asthma, wheeze and eczema. 
 
5.2.7 Summary and Knowledge Gap Identification 
The studies relating home indoor exposures with symptoms of asthma, wheeze, rhinitis and eczema are 
given in Tables 5.1 to 5.2. Study features are provided in the tables while legends used to describe the 
studies are given in Table 5.3. For the studies included, direction of association was determined. This 
means exposures associated with higher or lower symptom prevalence were determined. Findings for 
each specific exposure were evaluated across studies and classified as consistent, mostly consistent, or too 
inconsistent or sparse for interpretation. This is given in the summary rows at the end of Tables 5.1 and 
5.2. Consistent was defined as agreement by all studies reviewed, with a minimum of three studies. 
Mostly consistent was defined as one discordant finding in at least five studies reviewed or one or two 
discordant findings in six or more studies (30% discordant). Inconsistent or sparse information was 
defined as having more than one discordant finding among five reviewed studies or more than two 
discordant findings in six or more reviewed studies. 
 
The summary in Tables 5.1 to 5.2 showed that when compared to older children, relatively fewer studies 
have been performed on associations of home indoor factors and asthma and allergies in preschool 
children. Also, much focus has been placed on asthma associations with exposures. Fewer studies with 
inconsistent results have been conducted on allergic associations with exposures. For asthma and wheeze, 
only associations with dampness and wall paper were more consistent in the preschool children. For 
rhinitis and eczema, studies among preschool children were too sparse to draw any conclusion.  
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In summary, when compared to older children, relatively little but valuable information about 
associations of home indoor exposures with asthma and allergies among preschool children has been 
generated by several studies in the US, Scandinavia, Europe, Russia, Australia, Hong Kong and Taiwan. 
Furthermore, the appropriateness of extrapolating other findings to Singapore has not been evaluated. No 
studies have been performed in Singapore that relates systematically, different home indoor exposures to 
asthma and allergic symptoms among preschool children. It is also to be noted that the studies given in 
Tables 5.1 and 5.2 provide no information on whether the children participated in the surveys are 
concurrently attending CCCs. This is important considering that if the children attend CCCs, the 
exposures to home characteristics may not be long or intense compared to children who did not attend 
CCCs. Also, some important CCC characteristics that may confound the association of home exposures 
with children’s health may not have been adequately controlled. 
 
Furthermore, building materials and construction finishes are different from those used in cold countries; 
use of synthetic construction materials is not as common in Singapore where the prevalent building 
structures used are mainly concrete materials. Renovations of homes in Singapore can be quite frequent. 
The tropical climate typified by warm temperatures, high humidity and rain fall throughout the year, 
abundance of outdoor spores and pollen, provide ease for indoor mold growth on building material 
surfaces. Also, in Singapore, public smoking (e.g. offices and open areas) is prohibited due to legislative 
ruling, which could have implications on smoking in the homes. Most studies associating ETS exposures 
with morbidity endpoints have not clearly differentiate whether the exposures occur in the homes or 
outdoors. The above factors together with other modifying features such as socioeconomic conditions, 
ethnicity, demography, pollution characteristics, make a case for the need to evaluate associations of 
exposures to home characteristics with asthma and allergies in Singapore. While asthma and allergies 
exhibits a high prevalence in Singapore children and constitutes an important public health concern, little 




The aim of this study is to examine the relationship between home indoor characteristics with asthma and 
allergic symptoms among preschool children in Singapore (Obj. 4, pg14).  
 
The specific hypotheses for this study are dampness, ETS, wall paper, PVC and carpet flooring; gas 
cooking and pet exposures in the home are associated with higher risk of asthma and allergic symptoms 
among preschool children. 
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Table 5.1a Summary of reported associations between asthma and wheeze among old children with various home indoor factors along with 
summary of key design features of studies reviewed (see Table 5.3 for legend) 
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Continue Table 5.1a 
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Table 5.1b Summary of reported associations between asthma and wheeze among preschool children with various home indoor factors along with 
summary of key design features of studies reviewed (see Table 5.3 for legend) 
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Continue Table 5.1b 
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Table 5.2a Summary of reported associations between rhinitis and eczema among old children with various home indoor factors along with 
summary of key design features of studies reviewed (see Table 5.3 for legend) 





































































































































































































































































Old Children (> 6 yrs) 





χ + P + P Ã {  Ä   { { Ã          





χ + +  {     { Ã           





χ + P + P Ã Ã     {            





χ + P + P   Ã Ã Ã Ã             





χ + P + P Ã                  







                                                                                                      Home Indoor Risk Factors, Asthma and Allergies 
 186
Table 5.2b Summary of reported associations between rhinitis and eczema among preschool children with various home indoor factors along with 
summary of key design features of studies reviewed (see Table 5.3  for legend) 





































































































































































































































































Preschool children (1.5 < yrs < 6) 
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+ P Yes, Parents 
+ Yes, Self 
S I Self and inspector 
- I No, Inspector 
- D No, Physician 
Associations of factors with symptoms 
Ã Higher symptoms 
Ä Lower symptoms 
{ No associations 
 Not assessed 
Summary 
ÏÏ Consistently higher symptoms 
Ï Mostly consistent higher symptoms 
}} Consistently lack of association 
} Mostly consistent lack of association 
? Sparse or inconsistent results 
 
 
5.4 METHODS AND MATERIALS 
 
5.4.1 Cross-sectional Design 
A cross sectional design was adopted for this study. Preschool children attending 97 out of 120 randomly 
selected CCCs in Singapore were asked to participate in the questionnaire survey.  
 
5.4.2 Questionnaire Survey – Health Endpoints 
The parents of the children attending these CCCs were the respondents for the questionnaire survey. All 
children aged from 1.5 to 6 years old were included in this study. The questionnaires were distributed to 
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the children based on the CCC’s registers and collected by the respective class teachers with up to 3 
reminders. Most of the surveys were conducted in English.  
 
The international study of asthma and allergies in children (ISAAC) written questionnaire (Asher et al., 
1995) was used for this study. The study concentrates on current wheezing episodes, doctor’s diagnosis of 
asthma, current allergic rhinitis and rhinoconjunctivitis, current eczema and flexural rash symptoms. All 
the health outcomes were defined in Table 5.4. 
 
The questionnaire also included questions on potential confounders, which include the child’s age, gender, 
ethnicity, type of housing, food allergy, maternal and paternal atopy, and respiratory infections (Appendix 
C). CCC characteristics that could be potential confounders were also noted using the standardized 
evaluation form (Appendix B). All the information was solicited based on the conceptual model given in 
Figure 1.4. Socio-economic status (SES) of the children was assessed by including questions on 
household income (Goh et al., 1996).  
 
Table 5.4 Health outcomes of study and their definitions 
Health Outcome Definition 
Wheeze Had wheezing/whistling in the child’s chest for the past year 
Asthma Ever told by a doctor that child has asthma for the past year 
Nocturnal cough Had a dry cough at night apart from a cough associated with cold or chest infection for the 
past year 
Rhinitis Runny or blocked nose apart from cold/flu for the past year 
Rhinoconjuctivitis Runny or blocked nose accompanied by itchy or watery eyes apart from cold/flu for the past 
year 
Eczema Itchy rash for the past year 
Flexural rash Itchy rash in the folds of elbows, knees, ankles, buttocks, around the neck, cheeks, ears or 
eyes for the past year 
 
5.4.3 Questionnaire survey – Home Exposure Information 
5.4.3.1 Dampness  
Information on dampness and indoor mold in the rooms where the children sleep were obtained from the 
questionnaire where 'Yes' and 'No' were used and the answer 'Don't know' was excluded. The following 
key indicators were obtained: (1) Damp stains: visible damp stains on the floor, walls or ceilings in the 
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room the child sleeps. (2) Mold: visible mold on the floor, walls or ceilings in the room the child sleeps. 
The primary determinant of interest was ‘Dampness’, defined as the occurrence of any of the above two 
exposure indicators. Other determinants of interest were also defined from the answers to the two 
questions. These variables include exposures to dampness or molds in one, or two or more rooms in the 




Exposure assessment to ETS was based on questionnaire information on exposure in the homes, 
(specifically indoors; see Johansson et al., 2003). The primary determinant of interest was ‘ETS’, defined 
as daily smoking in the homes in the presence of children by either mother or father. Other ETS related 
determinants were also determined from the questionnaires which include: 1) Maternal ETS: mother who 
smokes in the homes daily in the presence of children. (2) Paternal ETS: father who smokes in the homes 
daily in the presence of children. (3) Both ETS: Mother and father who smokes in the homes daily in the 
presence of children. (4) Maternal ETS No: Number of cigarettes mother smoke in the homes each day 
(Nil, 1-10 cigarettes, 11-20 cigarettes). (5) Paternal ETS No: Number of cigarettes father smoke in the 
homes each day (Nil, 1-10 cigarettes, 11-20 cigarettes). (6) ETS ppl: Number of people who smokes in 
the homes daily (one, two or more). 
 
5.4.3.3 Floor and Wall Coverings 
Exposure to emissions from home floor covering materials was assessed by questionnaire information on 
the type of interior surface materials at home. The following key indicators were obtained: (1) Carpet 
flooring: wall-to-wall carpet in the room the child sleeps. (2) Plastic flooring: vinyl flooring in the room 
the child sleeps (3) Wood flooring: wood material in the room the child sleeps. Exposure to emissions 
from home wall covering materials was assessed by questionnaire information on the presence of wall 
papers in the room the child sleeps. Other determinants of interest include exposures to these surfaces in 
one or more than one room which made it possible to determine possibility of dose-response relationship 
between exposures and outcomes. 
 
5.4.3.4 Painting and Renovation 
Exposure to emissions from painting or renovation in the homes was assessed by questionnaire 
information. The following key indicators were obtained: (1) Painting: Whether the room the child sleeps 
has been repainted in the past year or earlier. (2) Renovation: Whether the house has undergone a 
renovation in the past year or earlier. Two exposure time periods is solicited to determine their temporal 
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relationships. Other determinants of interest include exposures to wall paintings in one or more than one 
room in the past year. 
 
5.4.3.5 Pet Keeping 
Exposure to pets was assessed by questionnaire information on the presence of cat(s), dog(s) and bird(s), 
at home during the past 12 months. The parents were asked whether the family had pets now (current pet). 
Furthermore, the parents were asked to state whether they had chosen not to have pets because of allergic 
diseases in the family ('an avoidance behavior'), that is, whether they had avoided getting pets because of 
allergy in the family (yes/no), or had got rid of pets for the same reason (yes/no). 
 
5.4.3.6 Cooking Fuel 
Exposure to gas cooking was assessed by questionnaire where the parents were asked whether cooking in 
the homes was by electric stove, gas or solid fuels. 
 
5.4.3.7 Air Conditioning 
The parents were asked whether the room the child sleeps rely on air-conditioning (AC) or natural 
ventilation (NV) described as open windows. By design, AC in Singapore homes does not incorporate 
any fresh air provisions. 
 
5.4.4 Statistical Analysis 
Information on the questionnaires was entered onto the computer exactly as recorded by the parents. The 
entry of data was checked by using double entry. Prevalences were calculated by dividing the number of 
positive responses to each question by the number by the number of completed questionnaires.   
 
The relationships of different home exposures and prevalence rates of above questionnaire-based health 
endpoints were analyzed. The questionnaire data were initially analyzed by cross-tabulation and evaluated 
where appropriate, using the χ2 test or Fischer’s Exact’s test. In comparing the prevalence of health 
endpoints among different exposure groups, computation of the prevalence ratios - PR (relative risk) and 
95% confidence intervals (95% CI) was performed as recommended for cross-sectional studies (Lee, 
1994; Zocchetti et al., 1997). For this study, computation of the PRs and 95% CI is by using the modified 
Cox proportional hazard regression model, with assumption of a constant risk period (Lee, 1994). Crude 
and adjusted PRs were evaluated. 
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Using the conceptual model presented in Figure 1.4, the following variables were considered to be 
potential confounders for the relation between different home exposures and health endpoints: gender, age, 
race, SES, housing type, food allergy, familial atopy, breastfeeding, avoidance behavior, number of 
siblings, birth order, home occupant density, sharing rooms with siblings, respiratory infections, asthma, 
CCC ventilation strategies, CCC flooring types, CCC dampness and CCC traffic density. CCC exposures 
were considered for potential covariates in the model considering the children spend approximately 
between 7 to 11 hours there. For each home characteristic that is analyzed in the model, other home 
exposure were also considered as covariates. 
 
For this study, 2 confounder selection strategies were considered for adjustments to determine the 
independent effects of home exposures on the different health endpoints. Potential confounders were 
included in the multivariate models as confounders if they satisfied a change-in-estimate (CIE) or 
significance-test of the covariate (STC) criterion. For the CIE strategy, the confounder will be included in 
the multivariate model if the crude and adjusted prevalence ratios differ by 10% or greater (Maldonado & 
Greenland, 1993). For the STC strategy, the confounder will be included if the adjusted estimate of effect 
has a P-value of 0.20 or less (Greenland, 1989). 
 
5.4.5 Partial Validation Studies 
To partially validate the parental report of some home exposures, a sub study was performed. Here, 60 
homes were randomly selected for visual inspections. All the variables in the checklist had pre-printed 
questions and a visual examination of the room where the child sleeps or home in general was carried out. 
Indoor factors that were included for inspections were visible signs of damp stains, mold, types of floor 
coverings, presence of wall paper, pets, air conditioning, and types of cooking fuel. The floor of the 
residence (above the ground) is also recorded.  ETS variable was by determining the presence of ash tray 
in the main living room. Cohen’s kappa (κ) was used to measure the agreement between inspectors 
observations and parental report. Using the approach by Landis and Koch (1977), kappa values were 
interpreted as such; 1)  κ <0, no agreement, 2) κ= 0.0-0.19, poor agreement, 3) κ=0.20-0.39, fair 
agreement, 4) κ=0.40-0.59, moderate agreement, 5) κ=0.60-0.79, substantial agreement and 6) κ=0.80-
1.00, almost perfect agreement. 
 
All procedures from the SPSS software package version 14.0 were used. 
 




From the 97 participating CCCs, there were 4759 responses, a response rate of approximately 70%. The 
personal characteristics of the children are shown in Table 5.5. The mean age of the children was 4.1 
years-old with about half were female. Approximately four-fifths were Chinese and live in public 
residential apartments. Majority of the children lived in families with total income S$2 to 6K while low 
percentages were observed for food allergy and preterm birth. Parental atopy range from 13 to 14%. 
 
Table 5.5 Personal characteristics of the 4759 children. 
Symptoms/Characteristics Description1 Nos %2 
Personal characteristics 
Mean age Years (mean ± standard deviation) 4.08 ± 1.24 
Male 2474 53.6 Gender 
Female 2138 46.4 
Chinese 3778 81.9 
Malay 393 8.5 
Indian 233 5.1 
Race 
Others 209 4.5 
Public apartments 3832 82.7 
Private apartments 580 12.5 
Type of housing 
 
Single houses 221 4.8 
Total monthly income: <S$2K 1 804 18.0 
Total monthly income: S$2-4K 1463 32.7 
Total monthly income: S$4-6K 967 21.6 
Socio-economic status 
(SES) 
Total monthly income: >S$6K 1236 27.7 
Food allergy Ever told by a doctor that child is allergic to any food 264 5.7 
Maternal atopy Mother ever doctor-diagnosed with asthma/allergic 
rhinitis /atopic dermatitis 
626 14.1 
Paternal atopy Father ever doctor-diagnosed with asthma/allergic 
rhinitis/atopic dermatitis 
557 12.6 
Preterm birth Child born at least one month premature 414 8.7 
Breastfeeding Child breastfed for at least 3 months 3254 68.7 
1 USD $1 = S $ 1.59 in June 2006. 2 Denominator for each variable may vary due to non-response. 
 
5.5.1 Dampness  
Table 5.6 shows the prevalence of wheeze, asthma, nocturnal cough, rhinitis, rhinoconjunctivitis, eczema 
and flexural rash in the exposed and reference groups. With the exception of doctor diagnosed asthma, 
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significantly higher prevalences in exposed groups were observed for all of the asthma and allergy 
parameters analyzed. 
 
Before controlling for covariates, significant differences (P<0.05) between the exposed and reference 
groups were discovered (see Table 5.8, crude prevalence ratios). Children sleeping in bedrooms with 
dampness had significantly higher prevalence ratio of wheezing while children sleeping in bedrooms with 
visible mold recorded significantly higher prevalence ratio of wheezing and nocturnal cough. After 
adjustments with the covariates, the differences were reduced to statistically not significant. No 
associations of doctor-diagnosed asthma with damp stains, mold or dampness were found. 
 
For rhinitis, significant higher crude prevalence of all rhinitis symptoms was found in children with 
dampness bedrooms. Similarly for mold exposed children, higher crude prevalence for all rhinitis 
symptoms was found. However, when controlled for the influence of covariates, exposed children to 
dampness was significantly associated only with higher risk of current rhinoconjuctivitis (PR = 1.53; 95% 
CI: 1.00-2.33). Significantly higher prevalence ratios of all rhinitis symptoms with children exposed to 
mold in their bedrooms remained after controlling for the influence of covariates: rhinitis (PR = 1.55; 
95% CI: 1.16-2.07) and rhinoconjuctivitis (PR = 2.38; 95% CI: 1.51-3.75). Compared with unexposed 
children, exposed children were at an increased risk of rhinitis (PR = 1.35; 95% CI: 1.08-1.70) and 
rhinoconjunctivitis (PR = 1.82; 95% CI: 1.27- 2.60) if they were exposed to either damp stains or molds 
in their sleeping rooms after adjusting for covariates. 
 
For eczema, crude associations were significant for current symptoms of eczema with both dampness and 
mold. After controlling for covariates, the differences were reduced to become statistically not significant 
(Table 5.8). 
 
The occurrence of asthma and allergies symptoms among the children was higher for those with homes 
that have dampness or molds in 1 or 2 or more rooms (Table 5.7) than among those with no 
corresponding exposures. The adjusted PRs illustrated in Figure 5.1 revealed dose-response patterns for 
wheeze, rhinitis, rhinoconjunctivitis and eczema. 
                                                                                                      Home Indoor Risk Factors, Asthma and Allergies 
 194
Table 5.6 Prevalence (%) of childhood asthma and allergies by damp stains, mold and dampness exposed and reference groups 
% Damp stains (N)b % Mold (N) b % Dampness (N)b 
 No Yes No Yes No Yes 
Asthma Symptoms 
Yes (N=749) 93.3 (666) 6.7a  (48) 95.1 (676) 4.9a (35) 90.2 (637) 9.8a (69)  Wheeze  No (N=3985) 95.2 (3537) 4.8 (178) 97.0 (3584) 3.0 (110) 94.1 (3435) 5.9 (215) 
Yes (N=348) 95.0 (304) 5.0 (16) 96.8 (3797) 3.2 (126) 92.3 (289) 7.7 (24) Asthma   No (N=4188) 94.8 (3741) 5.2 (207) 95.6 (306) 4.4 (14) 93.5 (3630) 6.5 (254) 
Yes (N=1280) 93.9 (1126) 6.1a (73) 95.8 (1141) 4.2a (50) 91.9 (1080) 8.1a (95)  Nocturnal cough  No (N=3262) 95.3 (2938) 4.7 (146) 97.0 (2974) 3.0 (92) 94.0 (2858) 6.0 (182) 
Allergies Symptoms 
Yes (N=1214) 92.5 (1071) 7.5a (87) 94.6 (1077) 5.4a (62) 90.0 (1021) 10.0a (113)  Rhinitis  No (N=3520) 95.8 (3132) 4.2 (139) 97.5 (3183) 2.5 (83) 94.7 (3051) 5.3 (171) 
Yes (N=367) 91.5 (313) 8.5a (29) 92.3 (311) 7.7a (26) 87.5 (294) 12.5a (42)  Rhinoconjunctivitis  No (N=4367) 95.2 (3890) 4.8 (197) 97.1 (3949) 2.9 (119) 94.0 (3778) 6.0 (242) 
Yes (N=602) 91.8 (523) 8.2a (47) 94.3 (531) 5.7a (32) 89.3 (500) 10.7a (60)  Eczema  No (N=4132) 95.4 (3680) 4.6 (179) 97.1 (3729) 2.9 (113) 94.1 (3572) 5.9 (224) 
Yes (N=520) 91.9 (456) 8.1a (40) 95.1 (465) 4.9a (24) 89.7 (436) 10.3a (50) Flexural rash  No (N=4214) 95.3 (3747) 4.7 (186) 96.9 (3795) 3.1 (121) 94.0 (3636) 6.0 (234) 
a χ2 test, p<0.05 comparing prevalence of symptoms by exposure to dampness or mold; bThe total number and percentages do not add up to the 
overall owing to some missing data of which were excluded from analysis. 
 
Table 5.7 Prevalence of asthma and allergies among children exposed to different number of rooms with dampness.  
No Dampness Dampness 1 Room Dampness ≥ 2 Rooms
 N % N % N % 
 Asthma Symptoms 
Wheeze  581 15.5 88 23.7 20 27.8 
Asthma   279 7.7 31 8.5 11 15.9 
Nocturnal Cough 969 26.7 145 40.3 19 37.3 
 Allergies Symptoms 
Rhinitis  930 24.8 132 35.5 32 44.4 
Rhinoconjunctivitis  283 7.5 34 9.1 16 22.2 
Eczema  456 12.2 71 19.1 18 25.0 
Flexural rash  399 10.6 60 16.1 13 18.1 
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Table 5.8 Associations of childhood asthma and allergies with dampness variables by multiple Cox’s proportional hazard regression 
Prevalence ratio (PR) and 95% confidence interval 
Damp stains Mold Dampness  
 crude adjusted crude adjusted crude adjusted 
Asthma Symptoms 
Wheeze1  1.34 (1.00-1.80) a 1.14 (0.82-1.58) 1.52 (1.08-2.14) a 1.34 (0.91-1.96) 1.55 (1.21-1.99) a 1.25 (0.94-1.66) 
Asthma2   0.96 (0.58-1.58) 0.92 (0.51-1.65) 1.34 (0.79-2.29) 1.56 (0.90-2.71) 1.17 (0.78-1.78) 1.19 (0.74-1.90) 
Nocturnal Cough3 1.20 (0.95-1.52) 1.11 (0.85-1.46) 1.27 (0.96-1.69) 1.20 (0.87-1.64) 1.25 (1.01-1.54) a 1.14 (0.90-1.45) 
Allergies Symptoms 
Rhinitis 4 1.51 (1.21-1.88) a 1.27 (0.98-1.65) 1.69 (1.31-2.19) a 1.55 (1.16-2.07) a 1.59 (1.31-1.93) a 1.35 (1.08-1.70) a 
Rhinoconjunctivitis5  1.72 (1.18-2.52) a 1.53 (1.00-2.33) a 2.46 (1.65-3.67) a 2.38 (1.51-3.75) a 2.05 (1.48-2.83) a 1.82 (1.27-2.60) a 
Eczema 6 1.67 (1.24-2.25) a 1.23 (0.85-1.76) 1.77 (1.24-2.53) a 1.28 (0.83-1.97) 1.72 (1.32-2.25) a 1.29 (0.93-1.78) 
Flexural rash 7 0.98 (0.71-1.35) 1.27(0.86-1.86) 1.52 (1.01-2.29) a 1.15 (0.70-1.88) 1.65 (1.23-2.20) a 1.28 (0.90-1.81) 
a P < 0.05. 
1 adjusted for age, gender, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home air conditioning, CCC 
mold and CCC ventilation strategy.  
2 adjusted for age, gender, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, home wall paper and ETS exposure. 
3 adjusted for age, race, food allergy, familial atopy, preterm birth, breastfeeding, respiratory infections, ETS exposure and CCC mold.  
4 adjusted for age, gender, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home air conditioning, home 
wall paper, home carpet, home traffic density, CCC ventilation strategy and CCC mold. 
5 adjusted for age, gender, race, SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, ETS exposure, home air conditioning, home 
traffic density, CCC ventilation strategy and CCC mold. 
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper and CCC mold. 
7 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper and CCC ventilation strategy. 
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Figure 5.1 The adjusted prevalence ratios (PR) and their 95% confidence interval (CI) for asthma and 
allergies among children in the categories of number of rooms with dampness. The boxes represent the 
PR, and the horizontal bars indicate the 95 percent confidence intervals. Multivariate regression analyses 
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5.5.2 ETS 
Table 5.9 shows the prevalence of wheeze, asthma, nocturnal cough, rhinitis, rhinoconjunctivitis, eczema 
and flexural rash in the exposed and reference groups. In general, the prevalence of children exposed to 
paternal smoking (27.5 %) is higher than maternal smoking (4.1 %). The occurrences of any and both 
parents smoking in the presence of their children appear in 13.2 and 1.7% of the population respectively. 
 
Significantly higher prevalence (P< 0.05) of rhinitis was observed for maternal and both parents smoking 
while higher prevalences were noted for asthma, nocturnal cough and rhinoconjunctivitis for paternal 
smoking (Table 5.9). It was noted that lower prevalences of eczema and flexural rash were observed for 
paternal smoking (P< 0.05). With the exception of doctor diagnosed asthma, significantly higher 
prevalences in exposed groups were observed for all of the asthma and allergy parameters analyzed. 
Higher prevalences were found for asthma and rhinitis symptoms with children exposed to any of the 
parents smoking (P< 0.05). 
 
After adjustment for covariates, increased risks of nocturnal cough, rhinitis and rhonoconjunctivitis were 
observed among children exposed to all ETS variables, with elevated risks for wheeze and asthma from 
exposure to paternal ETS and ETS (Table 5.10). Prevalence ratios for the associations of nocturnal cough, 
rhinitis and rhinoconjunctivitie among children with various ETS variables range from 1.35 to 1.58, 1.33 
to 2.03 and 1.74 to 2.70 respectively. No significant associations were found for any ETS variables with 
eczema or flexural rash. 
 
The effects of estimated number of cigarettes smoked in the homes on symptoms of asthma and rhinitis 
among the children can be observed in Figure 5.2. Prevalence ratios for asthma and rhinitis parameters 
increased significantly with increasing number of cigarettes the mothers and fathers smoke in the homes. 
Compared with unexposed children, exposed children were at an increased risk of wheeze (PR = 2.04; 
95% CI: 1.35- 3.08), asthma (PR = 1.78; 95% CI: 1.06- 2.99), nocturnal cough (PR = 1.42; 95% CI: 1.04- 
1.96), rhinitis (PR = 1.49; 95% CI: 1.06- 2.11) if they were exposed to fathers smoking 11-20 cigarettes 
daily. The risks were higher for exposed children to mothers smoking 11-20 cigarettes daily; wheeze (PR 
= 3.48; 95% CI: 1.29- 9.41), asthma (PR = 2.74; 95% CI: 0.68- 11.1), nocturnal cough (PR = 2.20; 95% 
CI: 1.04- 4.63), rhinitis (PR = 3.18; 95% CI: 1.50- 6.74) and  rhinoconjunctivitis (PR = 6.53; 95% CI: 
2.05- 20.8). 
 
The strength of the association between ETS and asthma and rhinitis symptoms increased as the number 
of household smokers increased (Figure 5.3). 
                                                                                                      Home Indoor Risk Factors, Asthma and Allergies 
 198
Table 5.9 Prevalence (%) of childhood asthma and allergies by ETS variables exposed and reference groups 
% Maternal ETS (N) b % Paternal ETS (N) b % Both ETS (N) b % ETS (N) b 
  No Yes No Yes No Yes No Yes 
 Asthma Symptoms 
Yes (N=749) 97.6 (718) 2.4 (18) 88.1 (650) 11.9 (88) 98.0 (722) 2.0 (15) 83.9 (617) 16.1 a (118) Wheeze  
No (N=3985) 98.0 (3849) 2.0 (78) 89.9 (3513) 10.1 (396) 98.3 (3860) 1.7 (67) 87.0 (3393) 13.0 (509) 
Yes (N=348) 97.1 (332) 2.9 (10) 85.7 (293) 14.3 a (49) 97.1 (332) 2.9 (10) 82.5 (282) 17.5 a (60) Asthma   
No (N=4188) 98.0 (4055) 2.0 (83) 89.9 (3706) 10.1 (418) 98.3 (4069) 1.7 (69) 86.8 (3571) 13.2 (544) 
Yes (N=1280) 97.1 (1223) 2.7 (34) 87.4 (1095) 12.6 a (158) 97.8 (1229) 2.2 (28) 82.7 (1037) 17.3 a (217) Nocturnal Cough 
No (N=3262) 98.1 (3168) 1.9 (61) 90.3 (2910) 9.7 (312) 98.4 (3177) 1.6 (53) 87.9 (2823) 12.1 (389) 
 Allergies Symptoms 
Yes (N=1214) 97.4 (1164) 2.6 a (31) 88.4 (1054) 11.6 (139) 97.6 (1168) 2.4 a (29) 84.3 (1006) 15.7 a (187) Rhinitis  
No (N=3520) 98.1 (3403) 1.9 (65) 90.0 (3104) 10.0 (345) 98.5 (3414) 1.5 (53) 87.2 (3004) 12.8 (440) 
Yes (N=367) 96.9 (349) 3.1 (11) 86.0 (313) 14.0 a (51) 97.5 (352) 2.5  (9) 80.7 (272) 19.3 a (70) Rhinoconjunctivitis 
No (N=4367) 98.0 (4218) 2.0 (85) 89.9 (3850) 10.1 (433) 98.3 (4230) 1.7 (73) 87.0 (3718) 13.0 (557) 
Yes (N=602) 98.3 (585) 1.7 (10) 91.3 (543) 8.7  (52) 98.5 (586) 1.5 (9) 88.0 (523) 12.0 (71) Eczema 
No (N=4132) 97.9 (3982) 2.1 (86) 89.3 (3620) 10.7 a (432) 98.2 (3999) 1.8 (73) 86.2 (3487) 13.8 (5560 
Yes (N=520) 98.6 (507) 1.4 (7) 92.2 (474) 7.8  (40) 98.8 (508) 1.2 (6) 89.1 (458) 10.9 (56) Flexural rash 
No (N=4214) 97.9 (4060) 2.1 (89) 89.3 (3689) 10.7 a (444) 98.2 (4074) 1.8 (76) 86.2 (3552) 13.8 (571) 
a χ2 test, p<0.05 comparing prevalence of symptoms by exposure to ETS variables; bThe total number and percentages do not add up to the overall 
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Table 5.10 Associations of childhood asthma and allergies with ETS by multiple Cox’s proportional hazard regression 
Prevalence ratio (PR) and 95% confidence interval 
Maternal ETS Paternal ETS Both ETS ETS  
crude adjusted crude adjusted crude adjusted crude adjusted 
Asthma Symptoms 


















































































































a P < 0.05. 
1 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, home dampness, home air conditioning, home pets, CCC  
mold and CCC ventilation strategy.  
2 adjusted for age, gender, race, familial atopy, breastfeeding, preterm birth, food allergy, respiratory infections and home wall paper. 
3 adjusted for age, race, familial atopy, breastfeeding, preterm birth, food allergy, home dampness, respiratory infections and CCC mold.  
4 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, home dampness, home air conditioning, home wall paper, 
home carpet, home traffic density, CCC ventilation strategy and CCC mold. 
5 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, preterm birth, food allergy, respiratory infections, home dampness, home air conditioning, 
home traffic density, CCC ventilation strategy and CCC mold. 
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper and CCC mold. 
7 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper and CCC ventilation strategy. 
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Figure 5.2 The adjusted prevalence ratios (PR) and their 95% confidence interval (CI) for asthma and 
allergies among children in the categories of number of cigarettes (cig) smoked in the homes by fathers 
(A) and mothers (B). The boxes represent the PR, and the horizontal bars indicate the 95 percent 
confidence intervals. Multivariate regression analyses were performed using Cox proportional hazard 
model adjusted for covariates similar to those in Table 5.10 
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Figure 5.3 The adjusted prevalence ratios (PR) and their 95% confidence interval (CI) for asthma and 
allergies among children in the categories of number of people who smoke in the homes. The boxes 
represent the PR, and the horizontal bars indicate the 95 percent confidence intervals. Multivariate 
regression analyses were performed using Cox proportional hazard model adjusted for covariates similar 
to those in Table 5.10 
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5.5.3 Floor and Wall Coverings 
Tables 5.11 and 5.12 show the occurrence of different home surface materials among the children. It is 
observed that children with significantly higher symptoms of wheeze and allergies have wooden panels 
for the flooring in the room they sleep. Eczema and rash symptoms among children were higher if they 
have wall paper in the sleeping rooms compared to those with normal painted walls. 
 
Tables 5.11 and 5.12 also present crude and adjusted prevalence ratios of asthma and allergies in relation 
to exposure to different surface coverings in the children homes. There were no statistically significant 
associations between the risk of asthma and allergies for most floor coverings. Although the presence of 
wood flooring in the children’s room were significantly associated with most symptoms in the crude 
analyses, the prevalence ratios reduced to non-significant after adjustments. However, it is observed that 
the associations of wood floorings with symptoms of rhinoconjunctivitis and flexural rash approach 
significance (P = 0.07 and 0.06 respectively). The presence of carpet in the children’s sleeping room 
appears to have a protective effect against the occurrence of rhinitis symptoms in both crude and adjusted 
analyses.  
 
It was evident that higher risks of rhinitis, eczema and flexural rash occurred among children sleeping in 
rooms with wall papers (P< 0.05) in both crude and adjusted analyses. The risks for symptoms were 
higher to children exposed to more than 1 rooms with wall papers in the homes (Table 5.12) highlighting 
a dose-response relation. Higher risk of doctor-diagnosed asthma was significantly associated with wall 
papers in adjusted analyses. No dose-response relations were observed for symptoms with other floor 
coverings. 
 
5.5.4 Renovation and Painting 
Table 5.13 shows the crude and adjusted prevalence ratios for the associations between asthma and 
allergies symptoms with house renovation and painting. In general, prevalence ratios for the associations 
of symptoms among children exposed to renovation and painting in the past year were higher than those 
performed earlier. However, no significant associations were found for any of the variables with the 
symptoms studied. Figure 5.4 illustrated that, with exception of doctor-diagnosed asthma, associations of 
symptoms with number of rooms painted in the past year showed little dose-response relationship. 
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Table 5.11 Associations of childhood asthma symptoms with wall and floor coverings in 1 or more rooms 
 Wall and floor coverings N % Crude PR Adjusted PR 
Plastic flooring   No 702 16.5 1 1 
1 room 19 7.6 b 0.41(0.30-0.89) a 0.70 (0.38-1.29) 
> 1 room 14 7.0 b 0.42 (0.25-0.72) a 0.63 (0.31-1.28) 
Wood flooring   No 423 13.8 1 1 
1 room 296 20.5 b 1.48(1.28-1.72) a 1.14 (0.92-1.41) 
> 1 room 281 20.9b 1.52 (1.31-1.76) a 1.17 (0.95-1.45) 
Carpet flooring  No 712 16.0 1 1 
1 room 9 17.3 1.08 (0.56-2.09) 1.12 (0.49-2.52) 
> 1 room 6 15.8 0.99 (0.44-2.21) 0.86 (0.28-2.68) 
Wall Paper         No 720 16.0 1 1 






> 1 room 7 15.2 0.95 (0.45-2.00) 0.82 (0.26-2.58) 
Plastic flooring   No 320 7.8 1 1 
1 room 15 6.4 0.82 (0.49-1.37) 0.72 (0.34-1.53) 
> 1 room 14 7.4 0.95 (0.56-1.62) 0.63 (0.26-1.54) 
Wood flooring   No 216 7.4 1 1 
1 room 120 8.5 1.16 (0.93-1.45) 1.18 (0.91-1.53) 
> 1 room 113 8.6 1.18 (0.94-1.48) 1.18 (0.91-1.54) 
Carpet flooring  No 333 7.7 1 1 
1 room 4 8.0 1.03 (0.39-2.77) 1.33 (0.49-3.63) 
> 1 room 2 5.6 0.72 (0.18-2.88) 0.95 (0.23-3.86) 
Wall Paper         No 333 7.7 1 1 






> 1 room 5 10.9 1.41 (0.58-3.42) 1.78 (0.66-4.83) 
Plastic flooring   No 1169 28.4 1 1 
1 room 66 27.8 0.98 (0.77-1.26) 0.98 (0.70-1.37) 
> 1 room 52 27.4 0.97 (0.73-1.27) 0.99 (0.66-1.38) 
Wood flooring   No 844 28.7 1 1 
1 room 390 27.7 0.97 (0.86-1.09) 0.91 (0.79-1.05) 
> 1 room 367 28.0 0.99 0.87-1.11) 0.92 (0.80-1.06) 
Carpet flooring  No 1224 28.4 1 1 
1 room 13 25.5 0.90 (0.52-1.55) 1.10 (0.61-2.00) 
> 1 room 8 21.6 0.76 (0.38-1.53) 0.91 (0.41-2.04) 
Wall Paper         No 1228 28.2 1 1 










> 1 room 9 20.5 0.72 (0.38-1.39) 0.61 (0.23-1.64) 
a P < 0.05; bχ2 test, p<0.05 comparing prevalence of symptoms by exposure to variables. 
1 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, 
home dampness, ETS exposure, home air conditioning, home pets, CCC mold and CCC ventilation strategy.  
2 adjusted for age, gender, race, familial atopy, breastfeeding, preterm birth, food allergy, respiratory infections and 
ETS exposure. 
3 adjusted for age, race, familial atopy, breastfeeding, preterm birth, food allergy, home dampness, ETS exposure, 
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Table 5.12 Associations of childhood allergies with wall and floor coverings in 1 or more rooms 
 Wall and floor coverings N % Crude PR Adjusted PR 
Plastic flooring   No 1119 26.3 1 1 
1 room 58 23.2 0.88 (0.68-1.15) 1.05 (0.66-1.66) 
> 1 room 46 22.9 0.87 (0.65-1.17) 1.07 (0.65-1.75) 
Wood flooring    No 746 24.4 1 1 
1 room 429 29.7b 1.22 (1.08-1.37) a 1.12 (0.94-1.32) 
> 1 room 397 29.6b 1.21 (1.08-1.37) a 1.09 (0.92-1.30) 
Carpet flooring  No 1171 26.3 1 1 
1 room 6 11.5 b 0.44 (0.20-0.98) a 0.23 (0.06-0.92) a
> 1 room 6 15.8 0.60 (0.27-1.35) 0.37 (0.09-1.47) 
Wall Paper         No 1167 25.9 1 1 






> 1 room 14 30.4 1.18 (0.69-1.99) 1.69 (0.93-3.10) 
Plastic flooring   No 343 8.1 1 1 
1 room 14 5.6 0.70 (0.41-1.19) 0.69 (0.28-1.69) 
> 1 room 10 5.0 0.62 (0.33-1.16) 0.70 (0.26-1.89) 
Wood flooring   No 212 6.9 1 1 
1 room 145 10.0 b 1.45 (1.17-1.79) a 1.31 (0.96-1.78) 
> 1 room 132 9.8 b 1.43 (1.15-1.77) a 1.32 (0.97-1.80) 
Carpet flooring  No 355 8.0 1 1 
1 room 2 3.8 0.48 (0.12-1.94) 0.46 (0.06-3.29) 
> 1 room 5 5.3 0.67 (0.17-2.67) 0.70 (0.10-5.02) 
Wall Paper         No 352 7.8 1 1 












> 1 room 3 6.5 0.83 (0.27-2.58) 0.58 (0.08-4.17) 
Plastic flooring   No 554 13.0 1 1 
1 room 22 8.8 b 0.68 (0.44-1.04) 0.97 (0.57-1.67) 
> 1 room 16 8.0 b 0.61 (0.37-1.01) 0.92 (0.50-1.69) 
Wood flooring   No 341 11.2 1 1 
1 room 234 16.2 b 1.45 (1.23-1.72) a 1.05 (0.83-1.33) 
> 1 room 220 16.4 b 1.48 (1.25-1.75) a 1.08 (0.85-1.37) 
Carpet flooring  No 570 12.8 1 1 
1 room 6 11.5 0.90 (0.40-2.02) 0.89 (0.33-2.40) 
> 1 room 5 13.2 1.03 (0.43-2.50) 1.05 (0.34-3.29) 
Wall Paper         No 566 12.5 1 1 
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Continue Table 5.12 
 Wall and floor coverings N % Crude PR Adjusted PR 
Plastic flooring   No 483 11.3 1 1 
1 room 18 7.2 b 0.64 (0.40-1.02) 0.84 (0.44-1.58) 
> 1 room 12 6.0 b 0.53 (0.30-1.01) 0.77 (0.33-1.50) 
Wood flooring   No 283 9.3 1 1 
1 room 217 15.0 b 1.62 (1.36-1.94) a 1.25 (0.97-1.60) 
> 1 room 203 15.1 b 1.65 (1.38-1.98) a 1.28 (0.99-1.66) 
Carpet flooring  No 496 11.1 1  
1 room 5 9.6 0.86 (0.36-2.09) 0.80 (0.25-2.51) 
> 1 room 4 10.5 0.95 (0.36-2.55) 0.82 (0.20-3.30) 
Wall Paper         No 490 10.9 1 1 









> 1 room 12 26.1 b 2.40 (1.35-4.25) a 2.51 (1.23-5.13) a
a P < 0.05; bχ2 test, p<0.05 comparing prevalence of symptoms by exposure to variables. 
1 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, 
home dampness, ETS exposure, home air conditioning, home traffic density, CCC ventilation strategy and CCC 
mold. 
2 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, preterm birth, food allergy, 
respiratory infections, home dampness, ETS exposure, home air conditioning, home traffic density, CCC 
ventilation strategy and CCC mold. 
3 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections and CCC mold. 
4 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections and CCC 
ventilation strategy. 
 
Table 5.13 Associations of childhood asthma and allergies with home renovation and painting  
 Renovation and painting N % Crude PR Adjusted PR 
Renovation         No 577 15.8 1 1 
Earlier 127 18.3 1.16 (0.96-1.41) 1.10 (0.87-1.39)  
Past year 72 19.4 b 1.25 (0.98-1.60) 0.90 (0.66-1.24) 
Painting               No 579 15.9 1 1 





Past year 147 17.8 1.14 (0.95-1.37) 1.07 (0.85-1.34) 
Renovation         No 276 7.8 1 1 
Earlier 46 6.8 0.87 (0.63-1.18) 0.81 (0.56-1.17) 
Past year 33 9.2 1.23 (0.86-1.77) 1.20 (0.80-1.79) 
Painting               No 277 7.9 1 1 





Past year 73 9.2 1.25 (0.96-1.62) 1.30 (0.97-1.73) 
Renovation         No 970 27.5 1 1 
Earlier 199 29.6 1.08 (0.93-1.26) 1.09 (0.92-1.29) 
Past year 108 29.8 1.06 (0.87-1.30) 0.94 (0.75-1.18) 
Painting               No 966 27.5 1 1 










Past year 238 29.8 1.08 (0.93-1.24) 1.04 (0.89-1.23) 
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Continue Table 5.13 
 Renovation and painting N % Crude PR Adjusted PR 
Renovation         No 948 25.9 1 1 
Earlier 180 25.9 1.00 (0.86-1.18) 0.94 (0.77-1.15) 
Past year 109 29.4 1.16 (0.95-1.41) 1.04 (0.82-1.33) 
Painting               No 931 25.5 1 1 




 4  
Past year 212 25.7 1.00 (0.86-1.15) 0.94 (0.78-1.13) 
Renovation         No 276 7.5 1 1 
Earlier 61 8.8 1.19 (0.88-1.54) 1.15 (0.81-1.64) 
Past year 36 9.7 1.28 (0.91-1.80) 1.07 (0.70-1.64) 
Painting               No 271 7.4 1 1 












Past year 76 9.2 1.23 (0.96-1.59) 0.97 (0.69-1.37) 
Renovation         No 471 12.9 1 1 
Earlier 97 14.0 1.09 (0.87-1.35) 1.07 (0.83-1.39) 
Past year 69 18.6 b 1.52 (1.18-1.96) a 1.23 (0.90-1.68) 
Painting               No 459 12.6 1 1 





Past year 114 13.8 1.10 (0.89-1.34) 0.96 (0.74-1.24) 
Renovation         No 407 11.1 1 1 
Earlier 84 12.1 1.09 (0.86-1.38) 1.16 (0.89-1.53) 
Past year 59 15.9 b 1.50 (1.14-1.96) a 1.20 (0.86-1.67) 
Painting               No 399 10.9 1 1 









Past year 100 12.1 1.11 (0.89-1.38) 0.98 (0.74-1.30) 
a P < 0.05; bχ2 test, p<0.05 comparing prevalence of symptoms by exposure to variables. 
1 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, 
home dampness, ETS exposure, home air conditioning, home pets, CCC mold and CCC ventilation strategy.  
2 adjusted for age, gender, race, familial atopy, breastfeeding, preterm birth, food allergy, respiratory infections, ETS 
exposure and home wall paper. 
3 adjusted for age, race, familial atopy, breastfeeding, preterm birth, food allergy, home dampness, ETS exposure, 
respiratory infections and CCC mold.  
4 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, 
home dampness, ETS exposure, home air conditioning, home wall paper, home carpet, home traffic density, CCC 
ventilation strategy and CCC mold. 
5 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, preterm birth, food allergy, 
respiratory infections, home dampness, ETS exposure, home air conditioning, home traffic density, CCC 
ventilation strategy and CCC mold. 
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper 
and CCC dampness. 
7 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper 
and CCC ventilation strategy. 
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Figure 5.4 The adjusted prevalence ratios (PR) and their 95% confidence interval (CI) for asthma and 
allergies among children in the categories of number of rooms that are painted in the past year.  The boxes 
represent the PR, and the vertical bars indicate the 95 percent confidence intervals. Multivariate 
regression analyses were performed using Cox proportional hazard model adjusted for covariates similar 
to those in Table 5.12 
 
0 .0 0 .5 1 .0 1 .5 2 .0
W H E E Z E  - no  pa in t ing
pa in t ing  1  room
pa in t ing  = >  2  room s
A S T H M A  - no  pa in t ing
pa in t ing  1  room
pa in t ing  = >  2  room s
N O C T U R N A L  C O U G H  - no  pa in t ing
pa in t ing  1  room
pa in t ing  = >  2  room s
R H IN IT IS  - no  pa in t ing
pa in t ing  1  room
pa in t ing  = >  2  room s
R H IN O C O N J U N C T IV IT IS  - no  pa in t ing
pa in t ing  1  room
pa in t ing  = >  2  room s
E C Z E M A  - no  pa in t ing
pa in t ing  1  room
pa in t ing  = >  2  room s
F LE X U R A L  R A S H  - no  pa in t ing
pa in t ing  1  room
pa in t ing  = >  2  room s
P R  (9 5 %  C I)
                                                                                                      Home Indoor Risk Factors, Asthma and Allergies 
 208
5.5.5 Pet Keeping  
The prevalence of current pet ownership is low; 1.4% has cats, 3.5% has dogs, 2.0% has birds and 6.1% 
has any furry pets. The prevalence of parents reporting avoidance behavior for keeping pets is 14.2%.  
Table 5.14 shows that there were no statistical differences in current pet keeping distributions with asthma 
and allergies symptoms. However, higher prevalence of parents with avoidance behavior was observed 
for symptomatic children. This variable is thus included in the multiple regression analyses. Table 5.15 
reveals that there were no significant associations of current home pet keeping with any of the symptoms 
of the children. 
 
5.5.6 Cooking Fuel 
Table 5.16 shows the prevalence of symptoms stratified to cooking fuel exposure variables. It is evident 
that the majority of the population uses gas fuel (89.2%) while electric stove use is only 7.0%. Chi square 
test revealed that only differences in rhinitis symptom were significant among the exposure groups. Table 
5.17 showed that most of the symptoms were not significantly associated with cooking fuel types. 
However, the positive association of rhinitis symptom in children exposed to gas cooking fuel was 
marginally significant (P = 0.073). 
 
5.5.7 Air Conditioning 
The prevalence for the use air conditioners in the children’s bedroom was 46.2%. Table 5.18 shows that 
prevalences of wheeze, rhinitis and rhinoconjunctivitis were significantly higher for children sleeping in 
air conditioned rooms. In crude analyses, the risk for rhinitis and rhinoconjunctivitis symptoms were 17 
and 39% higher when compared to children sleeping in naturally ventilated rooms (Table 5.19). However, 
after controlling for the effects of covariates in the multiple regression models, the risks became non- 
significant. 
 
5.5.8 Partial Validation 
The general findings between inspection and questionnaire showed between fair to almost perfect 
agreement for the 60 homes studied (Table 5.20). Almost perfect agreements were observed for air 
conditioning, wall paper, plastic flooring, gas cooking fuel and pet keeping. There was substantial 
agreement for carpet flooring (κ =0.65) while moderate agreements were noted for visible damp stains 
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Table 5.14  Prevalence (%) of childhood asthma and allergies with pet variables  
  
Home Cat Home Dog Home Bird Any Home Pet Avoidance Behavior 
No Yes No Yes No Yes No Yes No Yes 
  N %b N %b N %b N %b N %b N %b N %b N %b N %b N %b
Yes (N=749) 730 98.3 13 1.7 712 95.4 34 4.6 724 97.6 18 2.4 689 92.4 57 7.6 530 72.8 198 27.2Wheeze  
  No (N=3985) 3868 98.7 52 1.3 3801 96.7 130 3.3 3839 98 79 2 3701 94.1 230 5.9 3361 87.6 476 12.4
Yes (N=348) 343 99.1 3 0.9 330 95.7 15 4.3 336 97.7 8 2.3 321 93 24 7 223 65.6 117 34.4Asthma 
  No (N=4188) 4077 98.5 61 1.5 4010 96.7 138 3.3 4053 98 83 2 3902 94 247 6 3509 86.7 539 13.3
Yes (N=1280) 1249 98.8 15 1.2 1227 96.6 43 3.4 1242 98.2 23 1.8 1196 94.3 72 5.7 986 79.7 251 20.3Nocturnal Cough  
  No (N=3262) 3179 98.5 48 1.5 3118 96.5 112 3.5 3153 97.8 70 2.2 3031 93.8 201 6.2 2758 87.2 404 12.8
Yes (N=1214) 1179 98.3 20 1.7 1170 97.2 34 2.8 1172 97.7 28 2.3 1130 94 72 6 919 77.8 262 22.2Rhinitis  
  No (N=3520) 3419 98.7 45 1.3 3343 96.3 130 3.7 3391 98 69 2 3260 93.8 215 6.2 2972 87.8 412 12.2
Yes (N=367) 361 98.9 4 1.1 355 97 11 3 358 98.4 6 1.6 346 94.8 19 5.2 236 66.1 121 33.9Rhinoconjuctivitis  
  No (N=4367) 4237 98.6 61 1.4 4158 96.5 153 3.5 4205 97.9 91 2.1 4044 93.8 268 6.2 3655 86.9 553 13.1
Yes (N=602) 586 98.8 7 1.2 581 97.3 16 2.7 584 98 12 2 564 94.5 33 5.5 436 74.4 150 25.6Eczema 
  No (N=4132) 4012 98.6 58 1.4 3932 96.4 148 3.6 3979 97.9 85 2.1 3826 93.8 254 6.2 3455 86.8 524 13.2
Yes (N=520) 508 99 5 1 502 97.3 14 2.7 505 98.1 10 1.9 489 94.6 28 5.4 373 73.7 133 26.3Flexural Rash 
  No (N=4214) 4090 98.6 60 1.4 4011 96.4 150 3.6 4058 97.9 87 2.1 3901 93.8 259 6.2 3518 86.7 541 13.3
a χ2 test, p<0.05 comparing prevalence of symptoms by exposure to pet variables; bThe total number and percentages do not add up to the overall owing to some 
missing data of which were excluded from analysis. 
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Table 5.15  Associations of childhood asthma and allergies with home pets variables. 
 Prevalence Ratio and 95% confidence interval 
 Home Cat Home Dog Home Bird Any Home Pet 
 Crude Adjusted Crude Adjusted Crude Adjusted Crude Adjusted
















































































































a P < 0.05. 
1 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, avoidance behavior 
(pets), respiratory infections, home dampness, ETS exposure, home air conditioning, CCC mold and CCC 
ventilation strategy.  
2 adjusted for age, gender, race, familial atopy, breastfeeding, preterm birth, food allergy, avoidance behavior (pets), 
respiratory infections, ETS exposure and home wall paper. 
3 adjusted for age, race, familial atopy, breastfeeding, preterm birth, food allergy, avoidance behavior (pets), home 
dampness, ETS exposure, respiratory infections and CCC mold.  
4 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, avoidance behavior 
(pets), respiratory infections, home dampness, ETS exposure, home air conditioning, home wall paper, home 
carpet, home traffic density, CCC ventilation strategy and CCC mold. 
5 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, preterm birth, food allergy, 
avoidance behavior (pets), respiratory infections, home dampness, ETS exposure, home air conditioning, home 
traffic density, CCC ventilation strategy and CCC mold. 
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, avoidance behavior (pets), respiratory 
infections, home wall paper and CCC mold. 
7 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, avoidance behavior (pets), respiratory 
infections, home wall paper and CCC ventilation strategy. 
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Table 5.16  Prevalence (%) of childhood asthma and allergies by cooking fuel variables  
Gas Fuel Solid Fuel Electric Stove 
  N %b N %b N %b 
Yes (N=749) 663 15.7 2 10 64 19.3 Wheeze  
No (N=3985) 3558 84.3 18 90 268 80.7 
Yes (N=348) 314 7.7 1 5 27 8.5 Asthma 
No (N=4188) 3746 92.3 19 95 289 91.5 
Yes (N=1280) 1146 28.2 6 31.6 95 29.6 Nocturnal Cough  
No (N=3262) 2918 71.8 13 68.4 226 70.4 
Yes (N=1214) 1109 26.3 2 10 70 21.1 Rhinitis  
No (N=3520) 3112 73.7 18 90 262 78.9 
Yes (N=367) 331 7.8 1 5 22 6.6 Rhinoconjuctivitis  
No (N=4367) 3890 92.2 19 95 310 93.4 
Yes (N=602) 537 12.7 2 10 50 15.1 Eczema 
No (N=4132) 3684 87.3 18 90 282 84.9 
Yes (N=520) 467 11.1 2 10 42 12.7 Flexural Rash 
No (N=4214) 3754 88.9 18 90 290 87.3 
 a χ2 test, p<0.05 comparing prevalence of symptoms by exposure to fuel variables; bThe total number and 
percentages do not add up to the overall owing to some missing data of which were excluded from analysis. 
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Table 5.17  Associations of childhood asthma and allergies with cooking fuel variables by multiple Cox’s proportional hazard regression 
 Crude PR and 95% confidence interval Adjusted PR and 95% confidence interval 
 Electric Stove  Gas Fuel Solid Fuel  Electric Stove Gas Fuel Solid Fuel  
Wheeze 1 1 0.82 (0.63-1.05) 0.52 (0.13-2.12) 1 0.87 (0.63-1.21) 0.97 (0.13-7.11) 
Asthma 2 1 0.91 (0.61-1.34) 0.59 (0.08-4.31) 1 0.92 (0.58-1.46) NAa 
Nocturnal Cough 3 1 0.95 (0.77-1.18) 1.07 (0.47-2.44) 1 0.91 (0.71-1.16) 1.15 (0.36-3.66) 
Rhinitis b, 4 1 1.25 (0.98-1.59) 0.47 (0.12-1.93) 1 1.34 (0.97-1.84) 0.66 (0.09-4.79) 
Rhinoconjunctivitis 5  1 1.18 (0.77-1.82) 0.76 (0.10-5.60) 1 1.34 (0.74-2.40) NAa 
Eczema 6 1 0.85 (0.63-1.13) 0.66 (0.16-2.73) 1 0.95 (0.66-1.37) NAa 
Flexural Rash 7 1 0.88 (0.64-1.20) 0.79 (0.19-3.27) 1 1.04 (0.70-1.56) NAa 
a  Models did not convergence. b P = 0.074 and 0.073 for the associations with gas cooking fuel in crude and adjusted analyses respectively. 
1 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, home dampness, ETS exposure, home air 
conditioning, home pets, CCC mold and CCC ventilation strategy.  
2 adjusted for age, gender, race, familial atopy, breastfeeding, preterm birth, food allergy, respiratory infections, ETS exposure and home wall paper. 
3 adjusted for age, race, familial atopy, breastfeeding, preterm birth, food allergy, home dampness, ETS exposure, respiratory infections and CCC mold.  
4 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, home dampness, ETS exposure, home air 
conditioning, home wall paper, home carpet, home traffic density, CCC ventilation strategy and CCC mold. 
5 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, preterm birth, food allergy, respiratory infections, home dampness, ETS 
exposure, home air conditioning, home traffic density, CCC ventilation strategy and CCC mold. 
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper and CCC mold. 
7 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper and CCC ventilation strategy. 
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Table 5.18  Prevalence (%) of childhood asthma and allergies by ventilation variables  
Natural Ventilation Air Conditioned 
  N %b N %b 
Yes (N=749) 351 14.6 379 17.3 Wheeze  
No (N=3985) 2061 85.4 1806 82.7 
Yes (N=348) 181 7.8 156 7.4 Asthma 
No (N=4188) 2143 92.2 1942 92.6 
Yes (N=1280) 644 27.6 604 28.8 Nocturnal Cough  
No (N=3262) 1688 72.4 1493 71.2 
Yes (N=1214) 576 23.9 612 28 Rhinitis  
No (N=3520) 1836 76.1 1573 72 
Yes (N=367) 160 6.6 201 9.2 Rhinoconjuctivitis  
No (N=4367) 2252 93.4 1984 90.8 
Yes (N=602) 293 12.1 299 13.7 Eczema 
No (N=4132) 2119 87.9 1886 86.3 
Yes (N=520) 254 10.5 255 11.7 Flexural Rash 
No (N=4214) 2158 89.5 1930 88.3 
 a χ2 test, p<0.05 comparing prevalence of symptoms by exposure to ventilation variables; bThe total 
number and percentages do not add up to the overall owing to some missing data of which were excluded 
from analysis. 
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Table 5.19  Associations of childhood asthma and allergies with ventilation variables by multiple Cox’s 
proportional hazard regression 
 Crude PR and 95% confidence interval Adjusted PR and 95% confidence interval
 Natural Ventilation Air Conditioning Natural Ventilation Air Conditioning 
Wheeze 1 1 1.19 (1.03-1.38) a 1 1.07 (0.89-1.28) 
Asthma 2 1 0.96 (0.77-1.18) 1 1.03 (0.81-1.32) 
Nocturnal Cough 3 1 1.04 (0.93-1.17) 1 1.01 (0.89-1.15) 
Rhinitis 4 1 1.17 (1.05-1.31) a 1 1.10 (0.98-1.32) 
Rhinoconjunctivitis 5 1 1.39 (1.12-1.71) a 1 1.26 (0.91-1.93)  
Eczema 6 1 1.13 (0.96-1.32) 1 1.03 (0.84-1.25) 
Flexural Rash 7 1 1.11 (0.93-1.32) 1 1.01 (0.81-1.25) 
a P < 0.05. 
1 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, 
home dampness, ETS exposure, home pets, CCC mold and CCC ventilation strategy.  
2 adjusted for age, gender, race, familial atopy, breastfeeding, preterm birth, food allergy, respiratory infections, ETS 
exposure and home wall paper. 
3 adjusted for age, race, familial atopy, breastfeeding, preterm birth, food allergy, home dampness, ETS exposure, 
respiratory infections and CCC mold.  
4 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, food allergy, respiratory infections, 
home dampness, ETS exposure, home wall paper, home carpet, home traffic density, CCC ventilation strategy and 
CCC mold. 
5 adjusted for age, gender, race, SES, housing type, familial atopy, breastfeeding, preterm birth, food allergy, 
respiratory infections, home dampness, ETS exposure, home traffic density, CCC ventilation strategy and CCC 
mold. 
6 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper 
and CCC mold. 
7 adjusted for SES, housing type, food allergy, familial atopy, breastfeeding, respiratory infections, home wall paper 
and CCC ventilation strategy. 
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Table 5.20 Frequencies of exposure variables from inspections and questionnaires reports and their 
agreement. 
Exposure Reported by N Kappa value (κ) 
Inspection 7 Damp stains d 
Questionnaire 2 
0.41 b  
Inspection 2 Mold d 
Questionnaire 2 
0.48 b 
Inspection 9 ETSa 
Questionnaire 20 
0.26 b 
Inspection 27 Air Conditioning d 
Questionnaire 27 
1.00 b 
Inspection 1 Wall Paper d 
Questionnaire 1 
1.00 b 
Inspection 3 Carpet flooring d 
Questionnaire 3 
0.65 b 
Inspection 1 Plastic flooring d 
Questionnaire 1 
1.00 b 
Inspection 0 Wood flooring d 
Questionnaire 0 
NA c 
Inspection 60 Gas cooking fuel  
Questionnaire 60 
1.00 b 













a Inspector observation is by determining the presence of ash tray in the home. b P <0.05 for kappa value. 
c NA – not available due to absence of variables in inspected homes. d In the room the children sleeps. e 
Presence of cats, dogs or birds. f Total does not add up do to missing values in questionnaires. 





The results of this study provide strong evidence of an association between a number of indoor exposures 
within homes with asthma and allergic symptoms among Singaporean preschool children attending CCCs 
aged 1.5 to 6 years old. Information was collected on a number of potential sources that could emanate 
chemical and biological pollutants into the home environment allowing the evaluation of exposures to air 
pollutants in an indirect manner.  
 
Despite the data procured were not substantiated by clinical procedures such as skin prick testing, 
exercise challenge, lung function tests, previous surveys has found that the ISAAC written questionnaire 
was reasonably sensitive and specific for bronchial hyperresponsiveness in an English speaking 
population (Asher et al., 1995; Pearce et al., 1993). Most of our survey was conducted in English with 
only 8% of non-English speaking parents who used Mandarin translations. The effects of potential 
confounders other than the exposures of interest were controlled in the multiple regression analysis using 
Cox’s regression. It has been recognized that for cross-sectional data, estimating PRs by Cox’s regression 
would result in more reliable and conservative estimates of risk compared to estimating odds ratio by 
logistic regression when prevalences are fairly high (Lee, 1994; Zocchetti et al., 1997). Therefore, from a 
statistical point of view, the estimated risk levels of the present study can be viewed as relatively unbiased.  
 
5.6.2 Home Dampness as a Risk Factor 
This study showed that home dampness exposure is associated with higher risk of rhinitis and 
rhinoconjuncitivitis among preschool children who attend CCCs in Singapore. The prevalence of 
dampness and mold found in this study was about 5 and 3% of the random sample. These values are 
unexpectedly moderate and are comparable to the cold Nordic climate (see Table 5.21). Nevertheless, the 
study findings show that this presents an important public health issue that is consistent with results of 
earlier studies performed in the US (Brunekreef et al., 1989; Biagini et al., 2006), Netherlands 
(Brunekreef, 1992), Sweden (Norback et al., 1999; Ronmark et al., 2003), Finland (Jaakkola et al., 1993), 
Canada (Dales et al., 1991), Norway (Carlsen, 2002) and Taiwan (Li & Hsu, 1996). Review studies 
documented positive associations of asthma and allergic symptoms with dampness recording odds ratios 
(OR) ranging from 1.4-2.2 for asthma (Bornehag et al., 2001), 1.1-4.3 for rhinitis (IOM, 2004) and 1.0-
1.6 for eczema (IOM, 2004). For comparative purposes, converting this study’s PR values to POR using 
multiple logistic regressions yielded values ranging from 1.1 to 1.5 for asthma symptoms, 1.4 to 2.0 for 
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rhinitis symptoms and 1.1 to 1.5 for eczema symptoms (P < 0.05). These are within the ranges described 
above. 
 
Table 5.21 Prevalence of dampness and mold in studies conducted elsewhere. 
Studies Location, climate Damp stains (%) Mold (%) 
This study (2007) Singapore, tropical 5 3 
Li & Hsu (1996) Taiwan, subtropical  34 38 
Brunekreef et al., (1989) US, temperate 12-23 21-38 
Brunekreef (1992) Netherlands, temperate 9-15 15-24 
Norback et al (1999) Sweden, cold Nordic 5 9 
Jaakkola et al (1993) Finland, cold Nordic  9 3 
Dales et al (1991) Canada, temperate 14 32 
 
Numerous epidemiologic studies uniformly report odds ratios over 1 for the association between 
exposures to dampness or mold with self-reported asthma symptoms (IOM, 2004; Bornehag et al 2001). 
Indeed, while most of the observed associations were statistically significant, notably, there were studies 
that revealed that the associations of asthma symptoms with dampness and/or molds were non-significant 
(see reviews of IOM, 2004 and Bornehag et al 2001). For example, in a large study, Zock et al (2002) 
reported increased ORs for current asthma and self-reported water damage in the last year (1.13; 0.94–
1.35) and water on the basement floor (1.54; 0.84–2.82) which were not statistically significant. Those 
observations were homogeneous across centers and stronger in subjects sensitized to Cladosporium 
species. Verhoeff et al (1995) reported that children sensitized to dust mites (as shown by their elevated 
serum IgE levels) have increased odds ratio in the association to home dampness with allergic respiratory 
symptoms compared to non-sensitized children. Based on the exhaustive review, the IOM scientific 
committee concluded that sufficient evidence of an association between exposure to a damp indoor 
environment and ‘molds’ with asthma symptoms can only be observed in sensitized asthmatic people 
(IOM, 2000). It is plausible that a greater proportion of preschool children in our study are not sensitized 
that could explain the non-significant associations of dampness and molds with asthma symptoms (see 
below). In addition, the issue of statistical significance is not major, as the direction of the association of 
asthma symptoms and dampness/molds in this study is still the same with the earlier studies. 
 
In epidemiological studies documenting associations of dampness with asthma and allergy symptoms, 
strength of association (Bornehag et al., 2001), temporal relation (Jaakkola et al., 1993; Emenius et al., 
2004a), reversibility (Meklin et al., 2005) and dose-response pattern (Jaakkola et al., 1993; Park et al., 
2004) have all been cited to infer causality. However, biologic credibility has been the elusive due to the 
unknown causal agents. The excessive moisture condition in buildings is known to favor microbial 
growth in buildings. Studies on surfaces visibly damaged by moisture and mold showed different profiles 
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of fungi, where in most cases included bacteria and sometimes protozoa as well (Yli-Pirila et al, 2004; 
Nevalainen & Seuri, 2005). Different primary and secondary metabolites from these microbials have been 
proposed to be the specific cause of the symptoms (IOM, 2004; Nevalainen & Seuri, 2005). Several 
studies have reported an association between dampness and/or presence of molds with rhinitis symptoms 
(IOM, 2004). The mechanisms by which fungi and home dampness are associated with rhinitis are not 
well defined (IOM, 2004; Biagini et al., 2006; Osborne et al., 2006). In the present study, better 
associations were found between indoor mold with rhinitis symptoms when compared to just dampness. 
This could reflect the higher source strength of the causal agents involved and/or higher humidity in the 
air and surfaces.  
 
5.6.3 Home ETS as a Risk Factor 
This study documents strong association of higher risk of asthma with ETS exposures (see Table 5.1). 
This information is further evidence that this association found in other studies is similar in the tropics 
despite differences with respect to geographical locations, climates, housing types, use of questionnaires, 
languages and ethnicity. Furthermore, this study specifically addresses the exposures of ETS in the homes 
and whether it occurs in the presence of children. This design eliminates confounding issues of lower 
exposures by higher ventilation rates (smoking outdoors) and avoidance behavioral patterns (Tan, 2002; 
Johannsson et al., 2003). Although, substantial literature documented the effects of ETS on childhood 
asthma, few studies have examined associations between ETS and allergies. An earlier systematic review 
of the effects of parental smoking on IgE levels, skin prick positivity, and allergic rhinitis or eczema in 
children was carried out by Strachan and Cook (1998b). For each outcome they found studies which 
confirm as well as studies which fail to show a significant effect resulting in a balance of evidence. In 
keeping with this, this present study provides new evidence of statistically significant associations of 
exposure to ETS in the homes with increased risk of rhinitis and rhinoconjunctivitis symptoms in tropical 
preschool children who attend CCCs. A dose-response relation was evident in that the risk of these 
symptoms increased as the number of household smokers and cigarettes increased. 
 
ETS is known to contain a complex concoction of compounds which can be irritants, agents of 
inflammation and respiratory toxins that adversely affect immune function, lung growth, airway function, 
and the respiratory epithelium broadly through several pathophysiologic pathways (IOM, 2000). 
Investigations on the effect of ETS have been carried out using epidemiologic, murine models as well as 
human experimental studies. While review of earlier epidemiologic studies on allergies by Strachan and 
Cook (1998b) has been inconclusive, the latter two types of studies can explain the findings of this 
present study. It is assumed that ETS acts not as an allergen but rather as an adjuvant which facilitates 
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sensitization. Early researchers had hypothesized that ETS effects are primarily mechanical i.e. it may 
damage the respiratory epithelium, and this damage may itself increase the likelihood that allergens will 
reach immunoreactive cells (Wjst et al., 1994). Recent experimental studies on humans in an 
environmentally controlled chamber revealed that ETS can interact with allergen to modulate immune 
responses in the upper airway (Diaz-Sanchez et al., 2006). They demonstrated that short-term exposure of 
allergic subjects to ETS led to an enhanced allergic response characterized by specific allergic antibody 
(IgE) production against an inhaled protein allergen and the local formation of a TH2-type cytokine milieu 
(increased IL-4, IL-5, and IL-13 and decreased IFN-γ production), characteristic of an active allergic 
response.  
 
The prevalence of maternal and paternal smoking found in this study was 4.1 and 27.5% respectively. 
This is comparable to an earlier survey in Singapore reporting prevalences of smoking men at 24.2% and 
women, 3.5% (Shafey et al, 2003). Cook and Strachan (1997) reported a summary odds ratio for ETS and 
wheezing of 1.5 (95% CI, 1.3 to 1.8) that is slightly lower compared to this study’s converted POR 
estimate (for comparative purposes) of 1.7 (95% CI, 1.3 to 2.1) for this study. For maternal ETS, 
summary odds ratio was 2.0 (95% CI, 1.7 to 2.3) which is slightly higher than this study’s POR of 1.8 
(95% CI, 1.0 to 3.2), but the confidence intervals show considerable overlap. Summary odds ratio of 
paternal ETS on the hand was reported to be 1.2 (95% CI, 0.9 to 1.5) while this study was higher at 1.6 
(95% CI 1.2-2.2); although overlap of confidence intervals could also be noted. In general, the effect 
estimates of the associations of ETS with wheeze reported in this study were comparable with the 
estimates via meta-analyses provided by Strachan and Cook (1997). 
 
In this study, maternal ETS confers higher risk to asthma and rhinitis symptoms of children compared to 
paternal ETS. There are 3 possible reasons for this observation; 1) reflects the higher ETS exposure since 
mothers have more intense contact with their children in homes compared to fathers, 2) non-smoking 
mother may exert some influence in protecting the child against ETS exposure due to father’s smoking 
and 3) importance of prenatal exposure as an independent variable in developing symptoms after child 
has been born (Gilliland et al., 2001). Depending on which symptoms is considered, the risk was both 
lower and higher for both ETS when compared to just maternal or paternal ETS. The reasons for this are 
not clear and could be partly attributed to the behavior of the parents (Johansson et al., 2005). 
 
The World Health Organization (WHO) estimates around half of the children in the world to be exposed 
to ETS, mostly in their homes (WHO, 1999). As children within this age group in Singapore were most 
likely not exposed in the CCCs or in the public due to the strict legislative ban on public smoking and 
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regular health promotion campaigns, home exposure is possibly the dominant source of ETS. Reducing 
the burden of asthma and allergic symptoms may require a stronger focus on the reduction of smoking in 
the homes. Indeed, this underlines the importance of sending a message about the health risks of ETS 
exposure in the homes. 
 
5.6.4 Home Wall Paper as a Risk Factor 
This study was also designed to test the hypothesis that the risks of asthma and allergic symptoms were 
related to building materials with potential chemical emission in the children’s homes. Tables 5.11- 5.13 
showed that only some factors were associated with the studied symptoms. Among these wall papers in 
the children’s bedroom was significantly associated with increased risk for doctor-diagnosed asthma (PR 
2.21, 95% CI : 1.14-4.39), current rhinitis (PR 1.68, 95% CI : 1.01-2.78), current eczema (PR 2.54, 95% 
CI : 1.44-4.47) and current flexural rash (PR 2.12, 95% CI : 1.12-4.02). Dose-response relation of wall 
paper in the homes with health endpoints was notable in current rhinitis, eczema and flexural rash 
symptoms. These findings are in line with the growing body of evidence arising from Scandinavia and 
Russia demonstrating increased risk of asthma and allergic symptoms with wall paper exposures (Oie et 
al., 1999; Jaakkola et al., 1999; 2000; 2004). Jaakkola et al (2000) reported the adjusted odds ratio for 
persistent wheezing was 3.42 (95% CI : 1.13-10.36) for Finnish children exposed to plastic wall materials. 
In Russia, older children exposed to new wall coverings had higher adjusted odds ratio of current 
wheezing (1.20, 95% confidence interval; 0.95-1.52) (Jaakkola et al., 2004). Both these cross-sectional 
studies reported non-significant associations with asthma. A case-control study however demonstrated 
higher adjusted odds ratio of 1.58 (95% CI; 0.98-2.54) for bronchial obstruction among Norwegian 
children exposed to textile wallpaper (Jaakkola et al. 1999).  
 
The biological mechanisms for airway inflammation and allergies from exposure to wall paper have not 
been clarified. It has been documented that materials contained in wall papers include a good proportion 
of phthalate esters from plasticizers such as di-2-ethylhexyl phthalate (DEHP) and butylbenzyl phthalate 
(BBzP) (Uhde et al., 2001; Kavlock et al., 2002a, b). DEHP has been demonstrated to increase the risk of 
bronchial asthma in preterm infants leading Oie et al. (1999) to hypothesize that metabolites from DEHP 
mimics the induction of several prostaglandins and thromboxanes in the lungs, increasing the risk of 
inflammation in the airways, characteristic of asthma. In a case-control study performed in 400 Swedish 
children, the authors reported higher odds of asthma and allergies for children living in houses with dust 
containing 1.30 to 40.46 mg/g DEHP and 0.25 to 45.55 mg/g BBzP respectively (Bornehag et al., 2004a). 
Indeed, some monophthalates (degradation products of phthalates) have been shown to contribute to 
inflammatory processes by promoting cytokine IL6 and IL8 production in human epithelial cell line 
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(Jepsen et al., 2004) while murine studies have demonstrated that phthalates are capable of enhancing an 
allergy-related immune response (Larsen et al., 2002; 2003). 
 
In light of the positive associations of wall paper with asthma and allergic symptoms, it is interesting to 
note that no significant associations with plastic vinyl flooring were found. A plausible explanation could 
be the plasticizers contents in plastic vinyl flooring materials and wall papers might be different. Wall 
papers preferably utilize soft poly vinyl chloride (PVC) (Wensing et al., 2005) which contains from more 
than 30 to 50% of plasticizers containing the phthalate esters (MEE, 1999; Uhde et al, 2001; Wensing et 
al., 2005) while vinyl flooring materials utilize PVC up to 30% plasticizers (Bornehag et al 2005c). 
Emenius et al (2004a) had found no associations of home PVC flooring with recurrent wheezing in their 
longitudinal studies performed on young Swedish children. This hypothesis needs to be investigated to be 
confirmed. 
 
5.6.5 Other Factors 
Carpets which can act as a reservoir for many pollutants and allergens may influence asthma, allergies 
and respiratory symptoms among children. In this study, installation of carpet is protective for current 
rhinitis (PR 0.23, 95% CI : 0.06-0.92). The most likely explanation for this negative association would be 
parents of symptomatic children removed the children’s bedroom carpets in the past as a result of medical 
advice or health-related suspicions. This observation was also similar to the ISAAC study performed in 
Germany reporting negative associations with carpet in the children’s room (Behrens et al., 2005).  
 
The presence of pets was not found to be associated with the current symptoms among the children 
studied. Elsewhere, it has been reported that pet ownership is closely associated with asthma and allergic 
symptoms with some reporting an absence or inverse association between allergic symptoms and pet 
exposures (Clifford et al., 1989; Hosein et al., 1989; Strachan & Carey, 1995; McConnell et al., 2002; 
Lau et al., 2000). However, these studies could have been biased by the fact that families gave up their 
pets after developing allergic symptoms and also allergic subjects who avoided keeping pets (Bornehag et 
al. 2003). Other home factors found not to be associated with studied symptoms include gas cooking fuel, 
renovation and painting and air conditioning.  
 
The agreement of the exposure variables given by the parents in the questionnaire with home inspection 
in the sub-study of 60 homes was found to be satisfactory in general. Fair to almost perfect agreements (P 
< 0.05) for different variables had been observed between questionnaire reports against inspections. 
These agreements were slightly lower than the Australian study (Dharmage et al., 1999) but higher than 
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the Nordic studies (Hvarinen et al., 2005; Hagerhed-Engman et al., 2007) possibly reflecting climatic 
differences (Hagehed-Engman et al., 2007). In this study, the questionnaire was considered to be reliable 
for information relating air conditioning, carpet and plastic flooring, wall paper, gas cooking fuel and pet 
keeping. The agreement for damp stains and mold were moderate (κ: 0.41 and 0.48 respectively; P < 
0.05). Fair agreement (κ: 0.26; P < 0.05) of ETS variable is likely to be due by misclassification via 
inspections as the ash tray may have been removed during the home visit. In general, it can be concluded 
that any misclassification of the information that is obtained using the questionnaire would be minimal. 
 
5.6.6 Home Risk Factors versus CCC Risk Factors 
It is to be noted that the children in this study are exposed to CCCs environments for about 7 to 11 hours. 
It has been shown that children attending ACMV CCCs are at increased risk of rhinitis symptoms. Thus, 
epidemiological studies involving CCC attending children should consider CCCs exposures that could 
influence the associations between health endpoints and home factors. Indeed, many of the reviewed 
studies did not consider the potential confounder effects of exposures in CCCs in the relation between 
asthma and allergies with home factors. For this study, the associations between home factors and health 
endpoints found are independent of the effects of CCC exposures.  
 
In keeping with the above, children in this study spend relatively shorter time in the homes compared to 
studies involving children who are not attending CCCs. Thus, it is clear that any positive associations 
found in this study between home factors and asthma and allergies would be significant. In the homes, 
children are exposed to the risk factors in a relatively small environment (sleeping in the bedroom most of 
the time). However, in the CCCs, they are exposed to these risk factors in a more open and bigger 
environment. In addition, the bigger environment allows them to move about in the CCCs. It is suspected 
that the exposure-dose in the homes to the risk factors is greater than in the CCCs.  
 
In a local hospital-based study, Chew et al (1999c) has reported that sensitization rates were the highest 
for dust mite allergens from Blomia Tropicalis (Blo t 5) and Dermatophagoides Pteronyssinus (Der p 1). 
In Chapter 3, it has been shown that levels for these two allergens in CCCs were low and posed minimal 
risk to the possible sensitization among attending children (only 2 out of 416 samples have Der p 1 levels 
above 2μg/g). This suggests that sensitization rates to allergens in the CCCs among these attending 
children could be low. However,  historical data from homes studies (Zhang et al., 1997) has documented 
mean concentrations of 0.9 μg/g of Der p 1 levels and that up to 28% of mattress samples were above the 
threshold for sensitization (>2μg/g). Recently, Lee et al (2006) reported concentrations of Der p 1 
averaging 2.33 μg/g in 51 Singapore homes. Indeed, these points suggest that dust mite allergens in the 
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homes may play an important role between the associations of the home risk factors and asthma and 
allergies among these children found in this study.  
 
5.6.7 Limitations of Study 
This study has some limitations that may influence the interpretation of the results. The findings are based 
upon cross-sectional data and are subject to the sampling and information bias, and problems relating to 
the lack of sequence in time between symptoms and exposure. It is unlikely that sampling bias could have 
influenced this study tremendously. The reasonably high response rate of 70.0% and random sampling 
method of the general population reduces this possibility. Furthermore, it is unlikely that the findings are 
the result of a spurious association that arose from consistent variations in medical practice across the 
island, as the quality of medical practice tends to be uniform in this small island republic. For information 
bias, parents of symptomatic children could be more aware of potential hazardous environmental 
influences, which would lead to preferential reporting of symptoms, and therefore, stronger associations 
with the exposures of interest. This was unlikely because of 4 factors: 1) there is no general awareness of 
potential role of dampness, mold and wall paper as a risk factor for asthma and allergies by the Singapore 
public; 2) the study was conducted among random samples of child care center children where no specific 
concerns about home exposures were an issue; 3) partial validation of the questionnaire exposure report  
via home inspection revealed moderate to almost perfect agreement; 4) there was evidence of linear dose-
response trend whereas bias in reporting is expected to affect this relationship.  
 
5.7 CONCLUSIONS 
This study shows that indoor home characteristics such as exposure to dampness, ETS and wall-paper 
were associated with asthma and allergies among preschool children attending CCCs in tropical 
Singapore. Children exposed to home dampness were significantly associated with higher risks of current 
symptoms of rhinitis (PR 1.35; 95% CI: 1.08-1.70) and rhinoconjunctivitis (PR 1.82; 95% CI: 1.27-2.60). 
ETS exposure in the homes were significantly associated with current symptoms of wheeze (PR 1.62; 
95% CI: 1.27-2.07), nocturnal cough (PR 1.35; 95% CI: 1.13-1.60), rhinitis (PR 1.37; 95% CI: 1.12-1.66), 
rhinoconjunctivitis (PR 1.90; 95% CI: 1.35-2.66) and doctor-diagnosed asthma (PR 1.43; 95% CI: 1.03-
1.97). Children exposed to wall papers in their homes were significantly associated with increased risk of 
current symptoms of rhinitis (PR 1.68; 95% CI: 1.01-2.78), eczema (PR 2.54; 95% CI: 1.44-4.47), 
flexural rash (PR 2.12; 95% CI: 1.12-4.02) and doctor-diagnosed asthma (PR 2.24; 95% CI: 1.14-4.39). 
This study provides new evidence of important risk factors in the homes associated with asthma and 
allergic symptoms in CCC attending preschool children in the tropics.  
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HOME AIR CONDITIONING, 
TRAFFIC EXPOSURE AND ASTHMA 
AND ALLERGIES IN PRESCHOOL 
CHILDREN 
 
6.1 LITERATURE REVIEW 
 
6.1.1 Background 
Outdoor air pollution has been reported to be associated with increased symptoms of atopic diseases 
among children in numerous studies (ATS, 1996a; 1996b; and the references therein). Some of the 
epidemiological studies have focused on specific episodes of outdoor pollution derived from 
anthropogenic activities such as forest fires (Chew et al., 1995; Kunzli et al., 2006), industrial processes 
(Ware et al., 1993) while others have just reported associations based on generic ambient pollutant levels 
(Chew et al., 1999d; Peters et al., 1999). In many countries including Singapore, traffic is the main source 
of many outdoor air pollutants (Chin, 1996; Sharpe, 1999; Schwartz, 2004).  
 
6.1.2 Asthma and Allergies and Traffic Exposures 
Research on asthma and allergies prevalence among children associated with traffic exposure has been 
shown in most (Nicolai et al., 2003; Lee et al., 2003; Zmirou et al., 2004; Gauderman et al., 2005; 
McConnell et al., 2006a) but not all surveys (Aberg et al., 1996; Wjst et al., 1993; English et al., 1999; 
Wyler et al., 2000). Researchers have attributed these to among others, the little consensus on which 
traffic indicator is useful for health outcome analysis (McConnell et al, 2006a). For different studies, 
investigations to link asthma and allergies with traffic exposures have been demonstrated using different 
traffic indicators. These include self-reported traffic-density (Duhme et al., 1996), proximity to roads 
(McConnell et al., 2006a), traffic intensities (Brauer et al., 2002) and measurements of pollutants putative 
to be surrogate exposures of traffic pollution (Brunekreef et al., 1997).  
 
Empirical measurements of traffic pollutants concentrations have been reported to be high near roads (van 
Vliet et al., 1997; Morawska et al., 1999b; Hitchins et al., 2002; Gilbert et al., 2003) but declined beyond 
150 to 200 m horizontally (Rodes and Holland, 1981; Hitchins et al., 2000; Gilbert et al., 2003). A study 
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by Hitchins et al (2002) reported no significant differences in ground level concentrations of ultrafine 
particles measured from low-rise buildings situated 15 m to 75 m from the road. Vertical dispersion of 
traffic associated pollutants on the other hand has been reported by the same group (Hitchins et al. 2000; 
2002). They reported that ultrafine particles concentration decreases with height (up to 33m) measured for 
high rise buildings situated 5 to 15m from the roads. In epidemiological studies linking traffic exposures 
with asthma and allergies, methods of classification of traffic exposure by distance in the literature 
include home to road distances of less than 100 m (Brunekreef et al., 1997; van Vliet et al., 1997), 150 m 
(Wilkinson et al., 1999; Venn et al., 2001), 200 m (Lin et al 2002) and 400 m (Janssen et al., 2003). 
Studies have found increased asthma prevalence in children living within 100m of a major road 
(Brunekreef et al., 1997; van Vliet et al., 1997). But no study has been found relating the burden of 
disease in children living in different heights of multi-storey buildings. 
 
Pollutants traditionally associated with outdoor traffic include ultrafine particles, nitrogen dioxide, PM2.5, 
NO2, diesel exhaust particulates (DEP) and benzene (Hitchins et al., 2002; Brauer et al., 2002; Kramer et 
al., 2000; Janssen et al., 2003). In epidemiological studies showing the association of traffic associated 
pollutants with asthma and allergies, exposure measurements are often conducted using outdoor sampling 
points that serve as surrogate exposure of the children (Kramer et al., 2000; Brauer et al., 2002; Janssen et 
al., 2003; Gauderman et al., 2005). However, these studies did not incorporate relationships between 
ambient levels and personal exposures which could be influenced by home ventilation. Indeed, to 
understand the impact of outdoor traffic exposure on children’s health requires recognition that they 
spend most of their time indoors. 
 
6.1.3 Traffic-Related Exposures, Indoor Environments and Air-Conditioning 
Now, a rise in the concentration of outdoor pollutants from traffic concurrently produces a rise in their 
indoor concentrations (Wallace, 1996; Kukadia & Palmer, 1998; Morawska et al. 2001). Hence, some of 
the associations between outdoor traffic related pollutants and asthma and allergies are likely due to 
outdoor traffic related pollutants transported into the indoor environments of homes where subsequent 
exposures occur. Although indoor concentrations of traffic-related pollutant tend to be smaller than 
corresponding outdoor concentrations, this is somewhat compensated by the much larger part of time that 
children spend in the homes. Thus, children’s exposure to traffic pollutants can be attributed to a greater 
portion to the indoor concentration of outdoor traffic pollutants. 
 
Indoor concentrations of outdoor traffic pollutants have been shown to track outdoor concentrations that 
depend on the air exchange rate (AER). For example, Morawska et al (2001) has illustrated time series 
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data of indoor PM2.5 concentrations which clearly followed the outdoor levels in Australian homes under 
AER above 2h-1. When measurements were performed in homes with lower AER (below 1h-1), indoor 
concentrations were not affected by outdoor concentration changes. The homes studied were without any 
indoor sources of PM2.5. In another study (Kukadia & Palmer, 1998), indoor and outdoor NO2 
concentrations and AER levels were monitored in two adjacent buildings for a period of one week in an 
urban setting. One of the buildings is naturally ventilated (AER: 1.2h-1) while the other was air-
conditioned (AER: 0.8h-1). The authors reported that indoor NO2 concentrations followed the outdoor 
levels in both buildings but were found to be higher in the naturally ventilated building compared to the 
air-conditioned one. Thus, the AER is an important determinant for the ingress of outdoor traffic 
pollutants indoors with higher AER resulting in higher proportion of outdoor pollutants making its way 
indoors.  
 
It has been reported that homes with air conditioning (AC) can have low AERs due to the fact that 
outdoor air is not deliberately introduced and that the AER due to leakage is typically quite small 
(Wallace, 1996; Riley et al., 2002; Weschler, 2006). Air conditioned homes in the US have been reported 
to have lower AERs than homes that use open windows for ventilation (Suh et al., 1992; Wallace, 1996). 
In a summer study of 47 homes in State College, Pennsylvania (Suh et al., 1992), the authors documented 
median AERs about six times higher for non-air conditioned homes compared to air-conditioned homes. 
Secondary data gathered from a study by Wong and Huang (2004) in 4 homes in Singapore revealed that 
the AER for homes under natural ventilation to be 4.3h-1 and AER for air-conditioned homes to be 0.6h-1 
(Zuraimi, 2007). In the same study (Wong & Huang, 2004), the amount of outdoor PM10 in naturally 
ventilated homes was found to be higher than those with air conditioning units. These suggest that air-
conditioning in homes, via reduced AER, can reduce the ingress of outdoor traffic pollutants ingress and 
exposures to children, and thus minimizing health risks. 
 
Additional evidence found in the literature lend further support to the above interpretation that allude to 
the role of home AC use in reducing health risks of traffic exposures. In the warm and humid climate 
areas in the US, where homes with AC are most prevalent, the dose–response rate for particulate matter 
(PM) -induced morbidity was found to be lower than in the milder climate areas, where open windows are 
used more for ventilation, indicating a modifying effect of AC (Janssen et al., 2002). In sub-tropical 
Taiwan (Lee et al., 2003), doctor diagnosed allergic rhinitis among children was found to be associated 
with higher nonsummer warmth period and traffic-related air pollutants (POR 1.10, 95% CI 1.02–1.19 in 
males; POR 1.09, 95% CI 1.01–1.19 in females), presumably because people open the windows more 
during this period. In another study performed in Taiwan, hospital asthma admissions of children under 2 
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years old were reported lowest in the months with higher temperatures (Xirasagar et al., 2006). In the hot 
and humid countries, lower temperatures seem to have a direct effect, resulting in exacerbations of asthma 
symptoms (Lim et al., 1991; Lecha Estela, 1998; Piccolo et al. 1988). Indeed, epidemiological evaluation 
of the effect of interactions between traffic exposure and AC use with asthma and allergies has not been 
published.  
 
6.1.4 The Singapore Context and Identification of Knowledge Gap 
A tropical island country, Singapore is a fast growing city with an increasing population and limited 
territory (647km2). The pressure of urbanization has provided thrust for intense urban concentrations and 
the tall buildings to be the most widespread development type (Wong and Yeh, 1985; Perry et al., 1997). 
In the residential setting, the majority (90%) of the approximately 4 million resident population lives in 
high-rise apartments: 84% in publicly built housing and 6% in private apartments and condominiums 
(Singapore Yearbook of Statistics, 2004). Under the country's latest long term Concept Plan 2001 (URA, 
1991), more are expected to live on higher floors as the population grows to a projected 5.5 million in 40–
50 years’ time.  
 
The nationwide high-density and high-rise residential strategy is also integrated within a well-developed 
transportation system characterized by interweaving roads and highways to facilitate fast and swift 
movement of public and other utilities. Indeed, the land transport authority of Singapore includes one of 
its strategic thrust to optimize road networks and enhance its accessibility (LTA, 2006). It has been 
estimated that traffic in Singapore is responsible for over 50% of the total pollution while the typical age 
of the car fleet is about 10 years (Chin, 1996). However, data linking traffic exposures to asthma and 
allergies among preschool children in Singapore is lacking in the literature. Most research works linking 
traffic exposures and asthma and allergies among children have been conducted in the US, Europe and 
Taiwan where homes are predominantly at ground level with areas having differing road characteristics, 
landscape and differences in prevalence of diesel vehicles and car fleet age. 
 
Also, epidemiologic information relating effect modification of AC on traffic exposure associations with 
asthma and allergies are sparse everywhere. The hot and humid climate conditions are responsible for the 
increasing prevalence of AC from 19% in 1988 to 58% a decade later (Singapore Statistic Bureau, 2000). 
This epidemiologic study is conducted to address these knowledge gaps. 
 
 





The objectives of this study are two fold: 1) to evaluate the associations of self reported traffic densities 
and height of residence with asthma and allergies among preschool children living in residential buildings 
near roadways and 2) determine if AC is an effect modifier for the association studied (Obj5, pg 14).   
 
In this study, the specific hypotheses to be tested relating preschool children living near roadways are; 
1) Traffic densities are associated with increased prevalence of asthma and allergies; 
2) The risk of asthma and allergies associated with traffic exposures among these children living on the 
lower floors of residential buildings are higher compared to those living on the higher floors; and 





The study population was taken from 1.5 to 6 year old children attending child care centers (CCC) in 
Singapore. The sampling population was drawn from preschool children attending 97 out of 120 
randomly selected CCCs. The selection criteria for this study is all the preschool children in the sampling 
population who are not exposed to indoor dampness, ETS and wall papers since prevalence of 
environmental tobacco smoke (ETS), dampness and wall paper have been found to be associated with 
asthma and/or allergic symptoms in an earlier study (Chapter 5). Since pet exposure has been shown to 
interact with that of outdoor air pollution (McConnell et al., 2006b), children with pets at home were 
excluded from the study. Of the 4759 children (respond rate 70.0%) in the sampling population, 3071 
children were included in this study.  
 
The parents or guardians of the children were the respondents for the questionnaire survey. The 
International Study of Asthma and Allergies in Childhood (ISAAC) written questionnaire was used 
(Asher et al., 1995) which has been validated internationally (Pearce et al., 1993). Here, the study focused 
on doctor diagnosed asthma, current wheeze, rhinitis and rhinoconjunctivitis. Parents who answered 
positively to the following questions: ‘Has your child ever had asthma?' or 'Has your child had wheezing 
or whistling in the chest in the past 12 months?' or ‘In the past 12 months, has your child ever had a 
problem with sneezing or a runny or blocked nose when he/she did not have a cold or a flu?' or 'In the 
past 12 months, has this nose problem been accompanied by itchy-watery eyes?' were classified 
respectively as having asthma, wheeze, rhinitis or rhinoconjunctivitis.  
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Personal characteristics were collected by the questionnaire. These include demographic factors such as 
gender, age, race (Chinese, Malay, Indian, or other), and socio-economic status (SES). SES was assessed 
by including questions on household income (Goh et al., 1996). Information on possible confounders 
includes food allergy, maternal and paternal atopy, preterm birth, breastfeeding and respiratory infection 
(usual cough with colds or a flu). Since McConnell et al (2006a) has demonstrated that children exposed 
to traffic and had lived in their residence since age 2 or earlier were more susceptible to asthma, a 
question was asked whether the child had lived in the current residence all their lives. For this group of 
children, they were classified as ‘Lifetime residence’.  
 
The parents were asked whether the residence is nearby roads (within 100m) based on the methods of 
others (Brunekreef et al., 1997; van Vliet et al., 1997). Information of the residential post office box was 
also solicited in the questionnaire. Information on traffic exposure were obtained from the questionnaire 
which included the variables (a) ‘Traffic density’ - a self evaluation of the traffic density outside the 
residence labeled as low (reference), medium or heavy, and (b) ‘Resident height’ - a self reported answer 
on the floors the residence is on (1st-3rd, 4th-8th, or >8th floors). The corresponding heights of the three 
categorized floors are 0-14, 15-30 and >30 m above the ground and are labeled as low, mid and high 
(reference) respectively. The basis for the categorization of ‘traffic density’ is to evaluate any dose-
response pattern. The rationale for the ‘resident height’ categorization is to determine if there is dose-
dependent risk with height that is assumed to follow normal height dispersion patterns (Hitchin et al., 
2002). Questions were also asked on the type of ventilation strategies in the children’s bedroom - air-
conditioning (AC) or naturally ventilated (NV).  
 
The data were initially analyzed by cross-tabulation and evaluated where appropriate using the χ2 test. In 
comparing the prevalence of symptoms among exposure groups, computation of the prevalence ratios 
(relative risk) and 95% confidence intervals (95% CI) using the modified Cox proportional hazard 
regression model was performed, with the assumption of a constant risk period as recommended for 
cross-sectional studies. The use of prevalence ratio (PR) for cross-sectional data has been discussed 
earlier in Chapter 4 and in various epidemiology journals (Lee, 1994; Zocchetti et al., 1997). Core models 
were adjusted for the covariates in multiple regression analysis. Confounding was evaluated by assessing 
whether the coefficients of prevalence ratio for exposure changed by more than 10% after including a 
potential covariate to the model or the potential covariate provides a significance of P ≤ 0.20 level 
(Greenland, 1989; Maldonado & Greenland, 1993). Effect modification by lifetime residence and AC was 
assessed by examining the effects of exposure by strata.  
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6.3.2 Partial Validation Studies 
The validity of the reported information on whether residence is nearby roads (within 100m) is evaluated 
by calculating actual distance from the residence to the nearest road for the 3071 children. Using the 
residential post office box number provided in the questionnaire, the exact residential location was 
determined using an on-line street directory (www.streetdirectory.com.sg). The map given in the on-line 
street directory is to scale to the actual ground dimensions. The distance to the nearest road was then 
calculated using the scale provided (2cm: 50m).  
 
The validity of information on traffic densities was evaluated by selecting 30 random samples of homes 
for each category that was reported as low, medium and high (Total N = 90). One day measurements from 
9-am to 6-pm for fine particle mass concentration (PM2.5) and benzene (BZN) was performed 
Measurement of PM2.5 was made using TSI DustTrak monitor recording at every minute. BZN was 
sampled actively and analyzed using thermal desorption-gas chromatograph-mass detection (ATD-GC-
MSD) techniques similar to that performed in Chapter 2. Briefly, BZN was actively sampled using Buck 
IH pumps on stainless steel tubes containing Tenax TA sorbents (in duplicates with volumes of 2.7 and 
5.4L and corresponding flow rates of 5 and 10 mL/min). Flow-rates were measured before and after 
sampling using the mini Buck airflow calibrator. A field and laboratory blank is employed. The sampled 
BZN was desorbed using the ATD into a gas chromatograph (GC). BZN was identified using a mass 
selective detector (parent ion: 78m/z) and elution time compared with that of pure compound (3.24 mins). 
Field and laboratory blanks were similarly analyzed. All measurement locations were performed on the 
ground floor of the residents at a height of 1.5m above the ground. The statistical significance of the 
differences between the 3 categories was tested using one way analysis of variance (ANOVA). 
 
All analyses were conducted by using the SPSS software version 14.0. Statistical significance was 




The frequency of the characteristics and symptoms of the children is shown in Table 6.1. Among the 4759 
children who responded, there were 3071 children that were not exposed to ETS, dampness and wallpaper 
or any pets.  Among these, 14.8% of the children had wheeze, 6.6% had asthma, 24.5% had rhinitis and 
6.8% had rhinoconjunctivitis. The largest group of children was from the 3 and 4 year olds. The majority 
of the children were Chinese, lived in high rise apartments (residential and private) and about two-thirds 
were lifetime residence. Comparing the different variables with ventilation strategies, significant 
differences were found for age, ethnicity, SES, type of housing, respiratory infections, rhinitis and 
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rhinoconjunctivitis symptoms and height of residence. Of the 3071 respondents, 2994 reported that their 
residences are not more than 100m away from nearby road while the remainder 77 did not answer this 
question (i.e. missing).  
 
From the measurements of distance between residences to the nearby road using the on-line street 
directory, the mean and median distances were found to be 45 and 35 meters respectively. A total of 52 
out of the 2994 residence (1.7%) who reported that their residences are not more than 100m away from a 
nearby road were actually more than 100m. The mean and median distances from residence to nearby 
road for these misclassified data were 150 and 130m respectively. These misclassified data have been 
removed from further analyses. 
 
The plot of PM2.5 and BZN concentrations for reported traffic densities is given in Figure 6.1. It appears 
that the objective measurements are in agreement with self-reported traffic densities. Average and median 
(in parentheses) PM2.5 concentrations were 87.5 (74.2), 74.7 (67.3) and 62.6 (65.6) µg/m3 for self reported 
traffic densities described as heavy, medium and low respectively. For BZN concentrations (µg/m3), the 
corresponding levels were 56.1 (47.0), 42.0 (34.1) and 26.6 (20.4) µg/m3 for heavy, medium and low 
reported traffic densities respectively. Differences were statistically significant for BZN (P = 0.019) 
while PM2.5 approached significance (P = 0.068).  
 
Figure 6.1. Box plots of PM2.5 and BZN concentrations for self reported traffic densities. 
heavymediumlow
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Table 6.1 Distribution of personal characteristics, symptoms and exposures of preschool children by 
ventilation strategies 
bNV (N=1625) bAC (N=1398 ) aTotal (N=3071)
  N  % N  % N  % 
Personal Characteristics 
Male 837 53.2 735 46.8 1572 53.1
2 years 166 43.8 213 56.2 379 13.1
3 years 304 51.0 292 49.0 596 20.7
4 years 411 55.8 325 44.2 736 25.5
5 years 436 55.7 347 44.3 783 27.2
Age* 
6 years 218 56.0 171 44.0 389 13.5
Chinese 1283 52.8 1147 47.2 2430 82.0
Malay 166 68.9 75 31.1 241 8.1
Indian 104 64.2 58 35.8 162 5.5
Ethnicity** 
Others 36 27.5 95 72.5 131 4.4
<S$2K 284 70.1 121 29.9 405 14.1
S$2-4K 524 55.4 421 44.6 945 33.0




>S$6K 372 42.9 495 57.1 867 30.3
Public apartment  1416 57.9 1028 42.1 2444 82.2
Private apartment  153 37.1 259 62.9 412 13.9
Type of 
housing** 
Single house 29 25.0 87 75.0 116 3.9
Maternal atopy 206 53.8 177 46.2 383 13.2
Paternal atopy 183 52.6 165 47.4 348 12.0
Breastfed 1144 53.6 990 46.4 2134 73.2
Preterm birth 131 49.8 132 50.2 263 8.8
Respiratory infections* 1061 51.7 990 48.3 2051 68.7
Lifetime residence 70 46.1 82 53.9 152 5.1
Food allergy 946 54.4 794 45.6 1740 58.7
Symptoms 
Wheeze  225 50.2 223 49.8 448 14.8
Asthma 113 58.5 80 41.5 193 6.6
Rhinitis* 372 50.2 369 49.8 741 24.5
Rhinoconjuctivitis* 92 44.4 115 55.6 207 6.8
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Continue Table 6.1 
bNV (N=1625) bAC (N=1398 ) aTotal (N=3071)
  N  % N  N  % 
Exposure 
Road nearby residence (≤ 100m) 1607 52.3 1387 45.2 2994 100.0
Light 457 50.5 448 49.5 935 42.3
Medium 554 53.8 475 46.2 1050 47.5
Traffic 
Density 
Heavy 117 53.6 101 46.4 226 10.2
Low 589 59.9 446 40.1 1035 44.7
Mid 462 54.7 383 45.3 845 36.5
Resident 
Height* 
High 187 43.0 248 57.0 435 18.8
aTotal in each category may not always sum to 3071 for each characteristics due to missing values; bN is the number 
with ventilation category while % of total in each category. P<0.05 *, P <0.001 ** by χ 2 test in comparing the 
ventilation categories with characteristic/symptoms/exposures. 
 
The adjusted prevalence ratios for the self-reported traffic densities and resident height with symptoms 
are given in Table 6.2. From Table 6.2, there is a weak linear exposure-response relationship between self 
reported traffic densities and asthma and allergic symptoms for both groups: all children, and those with 
lifetime residence. However, strong linear trends in PR were observed for rhinoconjunctivitis. Among 
lifetime residents, the PRs for different symptoms were larger compared to corresponding PRs for all 
children. No significant associations were found and no linear trends relationships exist based on self 
reported resident height.  
 
Table 6.3 showed the adjusted prevalence ratios for the associations of symptoms with traffic densities 
stratified into ventilation strategies and lifetime residence. Among children who use AC there was little 
evidence of increased risk associated with asthma and allergic symptoms with traffic densities. No linear 
trends relationship between traffic densities and asthma and allergic symptoms was found. However, 
strong linear exposure-response trends in PR were observed for all symptoms among children using NV. 
The associations were significant at high traffic densities for asthma, rhinitis and rhinoconjunctivitis with 
wheeze approaching significance for lifetime residents. Comparing the categories of ‘heavy’ and 
‘medium’ traffic densities exposure, respectively, with ‘low’, the adjusted PRs (95% CIs) for wheeze 
were 1.13 (0.66-1.94) and 2.06 (0.97-4.38); for doctor-diagnosed asthma 1.36 (0.64-2.88) and 2.89 for 
(1.14-7.32); for rhinitis 1.30 (0.86-1.82) and 1.73 (1.00-2.99) and for rhinoconjunctivitis 1.58 (0.70-3.59) 
and 3.39 (1.24-9.27). For all children, the associations were significant for rhinitis and rhinoconjunctivitis 
symptoms only. 




Table 6.4 showed the adjusted prevalence ratios for the associations of symptoms with resident height 
stratified into ventilation strategies and lifetime residence. The associations between asthma and allergies 
symptoms with resident height for all children were not significant. Among lifetime residents, unexpected 
observations of increased risks of asthma and allergies with children living on the mid floors were found 
among children using NV. These were significant for wheeze and rhinoconjunctivitis. For children who 
use AC, there was no evidence of increased risk associated with asthma and allergic symptoms with 
resident height. 
 
There is little interaction effects between resident height and traffic density exposures on asthma and 
allergic symptoms for lifetime resident (Table 6.5). The reference group for these analyses is children 
living on high floor and concurrently exposed to low traffic density. The interaction models showed that 
risks were among the highest for asthma and allergic symptoms due to exposure to high traffic densities 
and live on low floors. However, the apparent increased risks were only significant for asthma. The risks 
for different symptoms were also elevated among children living on mid floors and concurrently exposed 
to heavy traffic. In general, the lowest risk for symptoms appears to be for children living low floor but 
exposed to medium density traffic. Except for doctor diagnosed asthma, the risks for the interaction 
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Table 6.2 Adjusted prevalence ratios (PR) and 95% confidence intervals for asthma and allergic symptoms according to traffic exposures. 
Traffic densities 













 PR PR 95% CI PR PR 95% CI PR PR PR 95% CI 
Wheeze1  1 0.89 0.69-1.16 1.08 0.73-1.61 1 1.03 0.72-1.45 1.59 0.96-2.63 
Asthma2 1 0.97 0.65-1.44 1.11 0.61-2.03 1 1.06 0.62-1.81 1.58 0.75-3.32 
Rhinitis3 1 1.07 0.88-1.31 1.30 0.97-1.74 1 1.22 0.94-1.58 1.25 0.83-1.88 
Rhinoconjuctivitis4 1 1.33 0.92-1.92 1.92 1.17-3.16 1 1.74 1.03-2.93 2.07 1.00-4.30 
Resident height 














 PR PR 95% CI PR PR PR PR 95% CI PR 95% CI 
Wheeze5  1 0.99 0.79-1.29 0.79 0.56-1.11 1 1.18 0.84-1.68 1.00 0.64-1.59 
Asthma6 1 0.83 0.55-1.25 1.18 0.74-1.89 1 1.01 0.60-1.69 1.28 0.69-2.38 
Rhinitis7 1 1.06 0.87-1.30 0.94 0.72-1.21 1 1.10 0.85-1.43 1.04 0.74-1.46 
Rhinoconjuctivitis8 1 1.40 0.98-2.00 0.99 0.61-1.61 1 1.52 0.92-2.53 1.27 0.66-2.46 
1Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and resident height. 
2Adjusted for gender, age, race, parental atopy, breastfeeding, preterm birth, respiratory infection and food allergy and resident height. 
3Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and resident height. 
4Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, preterm birth, respiratory infection and food allergy and resident height. 
5Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and traffic density. 
6Adjusted for gender, age, race, parental atopy, breastfeeding, preterm birth, respiratory infection and food allergy and traffic density. 
7Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and traffic density. 
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Table 6.3 Adjusted prevalence ratios (PR) and 95% confidence intervals for allergic and respiratory symptoms according to traffic densities 
stratified by ventilation strategies. 
NV 













 PR PR 95% CI PR 95% CI PR PR 95% CI PR 95% CI 
Wheeze1  1 1.00 0.68-1.48 1.18 0.64-2.19 1 1.13 0.66-1.94 2.06 0.97-4.38
Asthma2 1 1.59 0.89-2.84 1.68 0.72-3.91 1 1.36 0.64-2.88 2.89 1.14-7.32
Rhinitis3 1 1.12 0.84-1.51 1.58 1.04-2.39 1 1.30 0.86-1.82 1.73 1.00-2.99
Rhinoconjuctivitis4 1 0.98 0.56-1.72 2.34 1.18-4.67 1 1.58 0.70-3.59 3.39 1.24-9.27
AC 














 PR PR 95% CI PR 95% CI PR PR 95% CI PR 95% CI 
Wheeze1  1 0.81 0.56-1.16 1.06 0.62-1.82 1 0.89 0.54-1.47 1.39 0.68-2.86
Asthma2 1 0.54 0.29-1.00 0.96 0.39-2.36 1 0.62 0.27-1.42 0.78 0.17-3.59
Rhinitis3 1 1.00 0.76-1.31 1.11 0.72-1.71 1 1.10 0.76-1.60 0.98 0.52-1.86
Rhinoconjuctivitis4 1 1.49 0.91-2.46 1.62 0.77-3.40 1 1.57 0.78-3.18 1.38 0.44-4.34
1Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and resident height. 
2Adjusted for gender, age, race, parental atopy, breastfeeding, preterm birth, respiratory infection and food allergy and resident height. 
3Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and resident height. 
4Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, preterm birth, respiratory infection and food allergy and resident height. 
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Table 6.4 Adjusted prevalence ratios (PR) and 95% confidence intervals for allergic and respiratory symptoms according to resident height 
stratified by ventilation strategies. 
NV 













 PR PR 95% CI PR 95% CI PR PR 95% CI PR 95% CI 
Wheeze1  1 1.18 0.77-1.81 0.54 0.25-1.20 1 1.87 1.04-3.36 0.81 0.28-2.31 
Asthma2 1 1.12 0.57-2.20 1.26 0.51-3.11 1 2.20 0.94-5.16 1.43 0.42-4.86 
Rhinitis3 1 1.23 0.89-1.69 1.22 0.76-1.98 1 1.32 0.86-2.02 0.97 0.49-1.92 
Rhinoconjuctivitis4 1 1.38 0.71-2.68 1.70 0.68-4.27 1 2.90 1.00-8.48 3.53 0.89-14.06 
AC 














 PR PR 95% CI PR 95% CI PR PR 95% CI PR 95% CI 
Wheeze1  1 1.07 0.69-1.65 0.93 0.54-1.60 1 1.10 0.61-1.99 1.03 0.49-2.15 
Asthma2 1 0.49 0.21-1.11 1.13 0.50-2.54 1 0.62 0.20-1.87 1.33 0.46-3.85 
Rhinitis3 1 0.80 0.57-1.11 0.69 0.45-1.06 1 0.69 0.43-1.11 0.77 0.44-1.37 
Rhinoconjuctivitis4 1 1.00 0.58-1.72 0.71 0.33-1.50 1 0.78 0.34-1.81 0.90 0.33-2.49 
1Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and traffic density. 
2Adjusted for gender, age, race, parental atopy, breastfeeding, preterm birth, respiratory infection and food allergy and traffic density. 
3Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food allergy and traffic density. 






                                                                                                    Home AC, Traffic Exposure, Asthma and Allergies 
 
 238
Table 6.5  Interaction effects of exposures to resident height and traffic density on asthma and allergic 
symptoms among lifetime residents 
Exposure to Prevalence Ratio Symptoms 
Resident height Traffic density PR 95% CI 
Low  Medium 1.09 0.34-3.50 
Mid  Medium 1.12 0.45-3.13 
Mid Heavy 1.60 0.95-2.73 
Wheeze1  
               
Low Heavy 1.76 0.85-3.68 
 
Low  Medium 1.77 0.79-4.00 
Mid  Medium 1.10 0.25-4.96 
Mid Heavy 2.15 0.48-9.73 
Asthma 2 
               
Low Heavy 2.83 1.07-7.50 
 
Low  Medium 0.81 0.27-2.44 
Mid  Medium 1.06 0.74-1.53 
Mid Heavy 1.09 0.76-1.57 
Rhinitis 3 
Low Heavy 1.15 0.69-1.76 
 
Low  Medium 0.52 0.06-4.53 
Mid  Medium 1.46 0.42-5.07 
Mid Heavy 1.57 0.80-3.10 
Rhinoconjuctivitis4 
Low Heavy 1.94 0.79-4.79 
1Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food 
allergy. 
2Adjusted for gender, age, race, parental atopy, breastfeeding, preterm birth, respiratory infection and food allergy. 
3Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, respiratory infection and food 
allergy. 
4Adjusted for gender, age, race, SES, type of house, parental atopy, breastfeeding, preterm birth, respiratory 
infection and food allergy. 
 





This study shows that asthma and allergic symptoms were associated with validated self-reported traffic 
densities. These associations were among the highest for those children exposed to high traffic density 
and had lived in the current addresses since birth. Significantly, AC reduces the risk of asthma and 
allergic symptoms among children exposed to traffic densities. The latter results are the first 
epidemiologic proof that the use of AC modifies the effect of exposure to traffic pollutants to asthma and 
allergic symptoms. This suggests that AC use reduced the exposure of outdoor traffic pollutants via low 
ventilation rates and/or some exposure associated with NV may be important in augmenting the effect of 
traffic pollution. 
 
Generally, preschool children spend majority of their time in homes. Thus, for epidemiologic studies that 
rely on outdoor information as a surrogate for exposure, total personal exposure must take into account its 
outdoor and indoor components. Now, exposure studies have reported that home ventilation can affect 
personal-indoor-outdoor relationships (Sarnat et al., 2000). For pollutants of outdoor origin, it has been 
shown that personal and outdoor concentration ratios, and personal to outdoor regression slopes decrease 
with decreasing ventilation. Now, use of air conditioning (AC) is associated with low ventilation and 
without AC, residents are more likely to open their windows especially during periods when temperatures 
are elevated (Weschler, 2006). Therefore, homes with AC are anticipated to have less outdoor-to-indoor 
transport and smaller exposures to indoor pollutant levels of traffic origin. Personal pollutant 
concentrations of outdoor origin correlate poorly with outdoor levels for home with AC compared to 
homes without (Suh et al., 1992). Indeed, homes with AC in Singapore typically do not have ventilation 
at all. 
 
There are biologically plausible mechanisms that could explain the relation between traffic exposures and 
asthma and allergies among children. Key traffic pollutants associated with adverse health conditions 
includes, among others, nitrogen dioxide (NO2), fine particulate matter (PM2.5) and diesel exhaust 
particles (DEP) (Kramer et al., 2000; Brauer et al., 2002; Nicolai et al., 2003; Gauderman et al., 2005). 
NO2 is an oxidant gas that can cause airway inflammation, and increase pro-inflammatory cytokines and 
has been associated with childhood asthma (Gauderman et al., 2005). PM2.5 has been connected to asthma 
severity and reduced lung function (D’Amato et al., 2002). DEP on the other hand, has been reported to 
promote airway inflammation and allergies via two mechanisms: 1) It acts as a carrier for the transport of 
allergens; and 2) it acts as an adjuvant in promoting the switching of B cells to produce allergen specific 
IgE (D’Amato et al., 2002; Parnia et al., 2002 ). 




In addition, the ingress of outdoor allergens (e.g pollen, fungi) would also lead to higher exposures to 
aeroallergens in NV rooms resulting in co-exposures with traffic pollutants. In a local study of hospital 
attending children aged between 2 to 14 years old, the authors found patients living in households without 
AC are at increased risk of mold sensitization and polysensitization (Kidon et al., 2004). One way of 
interpreting this present study’s observation is that developing individuals need exposure to both allergen 
and some adjuvant-like cofactors to develop sensitization to allergens. Interactions of aeroallergens with 
traffic pollutants (adjuvants) have been shown in experimental studies to induce allergic disease in the 
airways in mice and sensitized humans (Wang et al., 1995; Diaz-Sanchez et al., 1999; Fernvik et al., 
2002). It is highly plausible that these conditions were more favorable to occur in the homes of children 
which are naturally ventilated and near traffic sources. Indeed, other epidemiological studies have shown 
that sensitization and symptoms prevalence were higher among residents near traffic sources (Kramer et 
al., 2000; Janssen et al., 2003). 
 
This study considered stratified analysis for children who are lifetime residents because it was anticipated 
that exposure within this stratum would have been more precisely assigned for the period during which 
asthma and allergies developed than for children moving later. This is more prominent for asthma 
symptoms since it has been hypothesized that children may be more vulnerable to traffic exposure during 
prenatal or infancy period (Zmirou et al., 2004; Gauderman et al., 2005; McConnell et al., 2006a). For 
rhinitis and rhinoconjunctivitis symptoms, the associations were also stronger for children who are 
lifetime residents. This concur with the results of Duhme et al (1996) who has reported that associations 
of allergic rhinitis symptoms among adolescents with traffic were stronger for those who had lived for 
more than 5 years in their current dwellings as opposed to those with shorter duration. However, they did 
not observe similar trends for wheeze. 
 
Unexpectedly, increased risk of wheeze, asthma and rhinitis symptoms was observed for children living 
on mid floors compared to those living on higher floors. For wheeze and rhinoconjunctivitis, the 
associations were significant. A recent local study on traffic associated particulate matter dispersion with 
height showed that concentrations were highest at the mid level, followed by the highest level and finally 
the ground floor (Gupta & Cheong, 2005). The authors had attributed the low concentrations of 
particulate matter on the ground floor due to trees and vegetation along the roadway. These roadside 
greeneries which are under the control of the state authority responsible for garden city development are 
prevalent throughout the island. Now, trees have been reported to be very efficient in trapping 
atmospheric particles (Coe and Lindberg, 1987; Freer-Smith et al., 1997; Bargagli, 1998; WHO, 2000b). 
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It is plausible that, trees and vegetation along roadways could modify the exposure effects of traffic 
pollutants. 
 
Validity of the results needs to be carefully evaluated since both exposure and health information was 
based on a questionnaire. Several aspects of this study are noteworthy as strengths. The encouraging 
response achieved from a random sample of the general population reduces the possibility of sampling 
bias. The study also included a large population sample to minimize random errors while information 
about symptoms included those derived from validated questionnaires used in previous epidemiological 
investigations (Asher et al., 1995; Pearce et al., 1993). There is consistency among self reported traffic 
exposure from the questionnaire with objective pollutant levels data to indicate a satisfactory reliability of 
the information collected. Although not assessed in this chapter, the agreement between self reported 
resident height with inspection was almost perfect using a sample (N=60) from the bigger population of 
4759 children (Chapter 5, Table 5.20). Thus, it is highly unlikely the discordant between reported and 
actual resident height will be significant. Also, the study removes 52 out of the 2994 residence (1.7%) 
who wrongly reported that their residences are not more than 100m away from a nearby road.  
 
Still, reporting bias cannot be excluded with certainty because parents of symptomatic children could 
have been more worried about the possible negative effects of traffic pollution than parents of children 
who were asymptomatic and therefore be more prone to overestimate traffic density. This was unlikely 
because of several reasons; 1) the study was conducted among random samples of child care center 
children where no specific concerns about home traffic pollution were specifically an issue; 2) there is 
also no general awareness of potential role of AC to reduce risk of symptoms associated with traffic 
exposure and 3) evidence of linear dose-response trend whereas bias in reporting is expected to affect this 
relationship.  





Epidemiological data from the US, Europe and Sub-tropical parts of Asia suggests that traffic exposure 
can influence asthma and allergic symptoms among children; however, there has been no complementary 
report from the tropics and no information on risk reduction via home air conditioning.  In this nationwide 
cross-sectional survey, the relationship of asthma and rhinitis with self-reported traffic exposures among 
3071 preschool children without any known indoor risk factors in both non- (naturally ventilated) and air 
conditioned homes were examined. Dose-response significant relationships were found between self-
reported traffic densities and asthma and rhinitis symptoms. Among children who had lived in their 
current residence all their lives and sleeping in non- air conditioned homes, there were stronger 
associations between asthma and rhinitis symptoms studied. Comparing the categories of ‘heavy’ and 
‘medium’ traffic densities exposure, respectively, with ‘low’, the adjusted PRs (95% CIs) for wheeze 
were 1.13 (0.66-1.94) and 2.06 (0.97-4.38); for doctor-diagnosed asthma 1.36 (0.64-2.88) and 2.89 for 
(1.14-7.32); for rhinitis 1.30 (0.86-1.82) and 1.73 (1.00-2.99) and for rhinoconjunctivitis 1.58 (0.70-3.59) 
and 3.39 (1.24-9.27). There were no significant effects for children sleeping in air conditioned homes. 
These results suggest that air conditioning in the homes modifies the health effects of traffic among 
preschool children; consistent with ventilation theory that AC reduces indoor exposure of pollutant of 
traffic origin and/or interaction effects between co-exposure of allergens and traffic pollutants in NV 
rooms. There is also little interaction effects between resident height and traffic density exposures on 
asthma and allergic symptoms. In summary, the findings of this study suggest that attention should also 
be paid to ventilation characteristics of the homes to remediate health related traffic pollution problems. 
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This chapter presents the conclusions arising out of this thesis based on the objectives set out in the 
introductory chapter and appropriate recommendations for future works. 
 
7.2 REVIEW AND ACHIEVEMENT OF OBJECTIVES AND FINDINGS 
 
The purpose of this research is to advance our knowledge on the associations of asthma, allergies and 
respiratory symptoms among preschool children with home and CCC environments in the Tropics as well 
as to evaluate exposures of pollutants and allergens in Tropical CCCs. The CCCs and children surveyed 
in this study were randomly selected and thus representative of the CCC and children population. 
 
7.2.1 First Objective 
 
To determine the indoor air quality (IAQ) of representative CCCs in Singapore and evaluate the 
impact of ventilation strategies on indoor air quality in CCCs. 
 
The first objective provides the baseline information of IAQ in representative CCCs in Singapore and 
description of the effects of ventilation strategies.  From the Ministry of Community Development, Youth 
and Sports database, 120 CCCs were randomly selected where 104 CCCs participated in this study. For 
the first time, a detailed and comprehensive IAQ investigation across a range of physical, chemical and 
biological parameters representing indoor and/or outdoor sources of pollutants were performed. This 
study showed that IAQ in Singapore CCCs was found to be different from those reported from studies 
conducted in the cold climate such as the Nordic countries and North America. Indoor pollutants such as 
carbon dioxide and formaldehyde were lower in Singapore CCCs when compared to CCCs from other 
countries. The higher ventilation rate (4.1 h-1) of CCCs in Singapore was the main determinant for this 
difference. PCA analysis of VOCs and carbonyls in the CCC indoor air has identified 5 broad categories 
of pollution sources which includes building materials (BM), air fresheners/cleaning products (AF/CP), 
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traffic emissions/indoor (TE/IN), water based paints (WBP) and pressed wood products (PWM). The 
baseline information derived from this study can also provide the main reference database for future 
investigations of CCCs in Singapore as well as testing hypothesis for subsequent research studies. 
 
The ventilation strategies adopted by the 104 CCCs were classified as 1) naturally ventilated (NV), 2) 
hybrid (natural ventilation + air-conditioning) ventilated (HB), 3) air-conditioned and mechanically 
ventilated (ACMV) and 4) air-conditioning without ventilation (AC). This study found evidence that 
ventilation strategies of CCCs created differences in IAQ parameters. Thermal comfort differences were 
observed between NV and HB CCCs with ACMV and AC CCCs. The high indoor temperature (29.5 and 
29.30C respectively) and relative humidity (75.4 and 67.4 %RH respectively) levels in NV and HB CCCs 
are consequences of the outdoor conditions (via ventilation) while the lower temperature (23.7 and 26.50C 
respectively) and relative humidity (51.2 and 59.3 %RH respectively) levels in ACMV and AC CCCs 
were due to the cooling and dehumidifying effects of the air-conditioning. Ventilation rates were 
significantly higher in NV and HB CCCs (4.7 and 4.2 h-1 respectively).  This results in higher dilution of 
indoor generated pollutants such as carbon dioxide, human related bacteria, chemical compounds 
associated to BM, AF/CP, WBP and  PWM, but higher ingress of outdoor pollutants such as ozone, 
PM2.5, fungi and chemical compounds associated to TE via higher ventilation and better penetration 
efficiencies. In AC and ACMV CCCs, the lower ventilation rates (0.6 and 0.7 h-1 respectively) result in 
the increase of the same indoor generated pollutants but lower ingress of similar outdoor pollutants. The 
differences in IAQ caused by different ventilation strategies provide insights about the relative 
importance of indoor and outdoor sources of pollutants in CCCs. 
 
7.2.2 Second Objective 
 
The second objectives were to describe the distribution of allergen levels in different niches, 
estimate the number and percentage of CCCs with allergen levels above established health 
thresholds and determine the associations of allergen levels with CCC characteristics and indoor 
air quality. 
 
The second objective was an extension of the first study in providing the baseline information of allergen 
concentrations in representative CCCs in Singapore. Dust samples were collected from the classroom 
floors, classroom curtains, mattresses, kitchen floors and sofa from the 104 participating CCCs in this 
study. The dust samples were analyzed for a panel of allergens which include Der p 1, Blo t 5, Fel d 1, 
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Can f 1, Mus m 1, Bla g 1 and Asp  f 1. Allergen levels were measured with antibody-based bioplex array 
or ELISA system and correlated with CCC indoor air quality and characteristics.  
 
This study found that despite warm and humid climatic conditions year round, indoor allergen levels in 
CCCs were low, generally below the health threshold limits developed for homes. Der p 1, Blo t 5 and Fel 
d 1 were found to be most prevalent in the dust samples. Each of these allergens sampled from the 
classroom floors, curtains and mattresses were statistically correlated with each other and no differences 
were observed between their levels. Floor dusts allergens levels were used to evaluate their determinants 
in the CCCs relating to CCC characteristics and/or IAQ parameters. This study showed that lower indoor 
temperatures were associated with higher Der p 1 but not Blo t 5 concentrations, and that lower 
ventilation rates were associated with higher Blo t 5 but not Der p 1 concentrations.  Prevalence of cat 
owners was found to be a predictor for Fel d 1 concentrations. Full or partial carpeting is associated with 
higher dust mite allergen levels from the classroom floor.  
 
Similarly, these findings provide baseline information for future indoor allergen exposure assessment 
studies in CCCs and can be used for intervention with regard to allergen avoidance.  
 
7.2.3 Third Objective 
 
To investigate whether asthma, allergic and respiratory symptoms among CCC attending children 
are associated with different CCC characteristics.  
 
This study is based upon the huge literature associating CCC attendance with asthma, allergies and 
respiratory symptoms among children. In this study, CCC characteristics that were evaluated include 
ventilation strategies, dampness, building materials, cleaning and maintenance and outdoor sources of 
pollution. Using a cross-sectional design, 4629 full-time attending CCC children participated in this study. 
Health endpoints were obtained from parental survey using the ISAAC and ATS-DLD questionnaires 
while exposure measurements were performed using inspector observations of CCC characteristics and 
interviews.  
 
Among the allergy symptoms studied, only risk of current rhinitis was significantly higher among 
children attending ACMV CCCs compared with NV CCCs (PR 1.48; 95% CI:1.03-2.22). This risk 
remains significant after controlling for the influence of dust mite allergens. Lower prevalence for most 
asthma and allergy, and respiratory symptoms were observed for children attending naturally ventilated 
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CCCs. Air-conditioned CCCs were also associated with higher prevalence of phlegm (PR range from 
1.23 to 2.14) and cough symptoms (PR = 1.23) and lower respiratory illness (PR range from 1.37 to 1.51). 
Results are consistent with office studies that have demonstrated associations between air-conditioning 
with allergic rhinitis and respiratory symptoms among adult workers. Unexpectedly, children attending 
HB CCCs are at high risk for almost all the respiratory symptoms studied.  
 
This study did not find any significant association between frequencies of floor, shelf, curtain, toilet, toy 
and mattress cleaning with asthma, allergy and respiratory symptoms. However, children in moldy CCCs 
were associated with higher risks of chronic (PR 1.20; 95% CI:1.01-1.43) and attack of cough (PR 1.23; 
95% CI:1.06-1.40) and lower respiratory illnesses (PR 1.19; 95% CI:1.01-1.40) but not asthma and 
allergy symptoms. Recent painting in CCCs was associated with increased risks of chronic cough 
symptoms among attending children (PR 1.21; 95% CI:1.02-1.43). Children attending CCCs with wall 
wooden panels were associated with higher risk of chronic cough (PR 1.81; 95% CI: 0.89-3.72) and 
phlegm (PR 2.39; 95% CI:1.17-4.90), partially due to the formaldehyde levels. The protective effects of 
CCCs near bigger and busier roads, for cough and phlegm symptoms are indicative evidence that parents 
of symptomatic children deliberately avoid these centers.  
 
Results of this objective and previous one can provide important information for decision making bodies 
to make indoor CCC environments healthy. 
 
7.2.4 Fourth Objective 
 
To examine the relationship between home indoor characteristics with asthma and allergic 
symptoms among preschool children in Singapore. 
 
This study is motivated from a literature review showing that there have been a number of studies 
documenting associations between indoor home characteristics with increased risk of asthma among older 
children, but not preschool children, and also that there have been very few studies on the home 
associations in the tropics where etiologic research on asthma and allergies have not focused much on the 
indoor environments.  
 
Using a cross-sectional design soliciting asthma and allergic symptoms, personal information and home 
indoor variables via parent-administered questionnaires, 4759 preschool children participated in this study. 
This study showed that home dampness, ETS and wall-papers were significantly associated with 
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increased risk of asthma and allergies. Children exposed to home dampness were significantly associated 
with 35% higher risks of current symptoms of rhinitis (95% CI: 8-70%) and 82% higher risks of current 
rhinoconjunctivitis (95% CI: 27-160). ETS exposure in the homes were significantly associated with 
higher risk of current symptoms of wheeze (PR 1.62; 95% CI: 1.27-2.07), nocturnal cough (PR 1.35; 95% 
CI: 1.13-1.60), rhinitis (PR 1.37; 95% CI: 1.12-1.66), rhinoconjunctivitis (PR 1.90; 95% CI: 1.35-2.66) 
and doctor-diagnosed asthma (PR 1.43; 95% CI: 1.03-1.97). Children exposed to wall papers in their 
homes were significantly associated with increased risk (68%) of current symptoms of rhinitis (95% CI: 
1-178%), increased risk (154%) of current symptoms of eczema (95% CI: 44-347%), increased risk 
(112%) of current symptoms flexural rash (95% CI: 12-302%) and increased risk (124%) of doctor-
diagnosed asthma (95% CI: 14-339%). A sub-study involving 60 homes to partially validate the parental 
response to the exposure questionnaires revealed generally good agreement with inspector’s observations.  
 
This study provides new evidence of important risk factors in the homes associated with asthma and 
allergic symptoms in preschool children in the tropics. 
 
7.2.5 Fifth Objective 
 
To evaluate the associations of self reported traffic densities and height of residence with asthma 
and allergies among preschool children and determine if home air conditioning is an effect 
modifier for the association studied.   
 
The rationale for this study stems from the notion that epidemiological literature suggests that traffic can 
influence asthma and allergic symptoms among children; however, there has been no complementary 
report from the tropics and no information on risk reduction via home air conditioning.  From the main 
database of 4759 children, 3071 children without any known home indoor risk factors were selected in 
this study where their relationship of asthma and rhinitis with self-reported traffic exposures in both non- 
(naturally ventilated) and air conditioned homes were examined. Multiple regression analysis examined 
the relationships between the traffic exposure factors and health outcomes.  
 
Dose-response significant relationships were found between self-reported traffic densities and asthma and 
rhinitis symptoms. Among children who had lived in their current residence all their lives and sleeping in 
non- air conditioned homes, there were stronger associations between asthma and rhinitis symptoms 
studied. Comparing the categories of ‘heavy’ and ‘medium’ traffic densities exposure, respectively, with 
‘low’, the adjusted PRs (95% CIs) for wheeze were 1.13 (0.66-1.94) and 2.06 (0.97-4.38); for doctor-
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diagnosed asthma 1.36 (0.64-2.88) and 2.89 (1.14-7.32); for rhinitis 1.30 (0.86-1.82) and 1.73 (1.00-2.99) 
and for rhinoconjunctivitis 1.58 (0.70-3.59) and 3.39 (1.24-9.27). There were no significant effects for 
children sleeping in air conditioned homes. These results suggest that air conditioning in the homes 
modifies the health effects of traffic among preschool children; consistent with ventilation theory that AC 
reduces indoor exposure of pollutant of traffic origin and/or interaction effects between co-exposure of 
allergens and traffic pollutants in NV rooms.  
 
Good agreement was observed for self-reported traffic densities with objective measurements using 
measured fine particles and benzene concentrations in a partial validation study. These results suggest that 
air conditioning in the homes modifies the health effects of traffic among preschool children. This study 
highlights the importance of ventilation characteristics of the homes in remediating health related traffic 
pollution problems. 
 
7.3 IMPLICATIONS & RECOMMENDATIONS  
 
This thesis has provided results that could have several implications. The information derived from 
Chapters 3 and 4 is useful for policy makers in determining which CCC characteristics to avoid when 
designing a CCC with low allergen load or ‘allergen-avoidance CCC’ (Wickman et al., 1999; Broms et al., 
2006). Carpet in CCCs is one such characteristic where despite strong discouragement (MOH, 1998), a 
large number of CCCs in Singapore still use carpets as flooring. The non-inclusion of pet owners in the 
CCCs is important to reduce the load of pet allergens. This practice is established in some Nordic 
‘allergen-avoidance CCCs’ (Wickman et al., 1999; Broms et al., 2006). The creation of these special 
CCCs can cater for the hypersensitive and symptomatic children. Also, CCC characteristics found to be 
associated with respiratory symptoms in this study should not be considered since asthmatic symptoms 
can be triggered by respiratory infections.  
 
There are several important findings on the effects of ventilation strategies of CCCs on the IAQ and 
asthma, allergies and respiratory health of the children. First, symptoms prevalence of children was 
lowest in naturally ventilated CCCs despite outdoor pollutants ingress being enhanced in these CCCs. 
Second, data suggests that parents of symptomatic children have avoided sending their children to CCCs 
that are close to traffic sources or air-conditioned CCCs. Third, a consequence of reduced ventilation in 
air-conditioned CCCs is the built up of pollutant concentrations from indoor sources. Fourth, increased 
risks of respiratory symptoms and allergies were found for children attending CCC with some form of air-
conditioning and ACMV CCCs respectively. Fifth, mite allergens were higher in CCCs with low 
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temperatures and ventilation rates; conditions which are very common in air-conditioned CCCs. The 
above points could have several implications: 
 
1) the built up of viral agents from sick (index) children in air-conditioned CCCs could enhance the 
spread of infection among other children in the CCCs; 
2) the higher prevalence rate of allergic symptoms among young children in ACMV CCCs, whose 
immune system is still under-developed, suggest that ventilation and plausible growth and 
propagation mechanisms of allergens need to be further investigated; 
3) a total economic analysis needs to be undertaken in the formulation of policies on ventilation 
strategies of CCCs. For example, policy makers and CCC owners have to consider the higher 
operating cost associated with air-conditioned compared to naturally ventilated CCCs and concerns 
of parents regarding potential health care cost associated with respiratory infections if they send 
their children to air-conditioned CCCs. 
 
Taken together, it is recommended as best practice, that CCCs be naturally ventilated backed up with the 
infrastructure to move to a mode where it can be air-conditioned, filtered and supplied with adequate 
outdoor air in the event of an outdoor pollution episode, or when thermal conditions necessitate. 
 
In general, the low indoor allergens in the CCCs are unlikely to cause health problems (sensitization and 
symptom exacerbations) to attending children if considered independently. However, it is unknown what 
the actual impacts of co-exposures of low allergens levels with other pollutants which can be adjuvants – 
whether co-exposures can illicit symptoms or otherwise. For CCCs affected with mold problems, the 
increased risks of respiratory symptoms with its exposures and the high prevalence of CCCs with mold 
problems (41%) suggests that it is significant public health concern that needs to be addressed. The 
descriptive statistics on indoor pollutants, allergens and environmental parameters provided in the 
baseline study (Chapter 2 and 3) can be used by the relevant Ministries or building regulators to create 
IAQ guidelines or code of practice.  
 
In the homes, exposures to dampness, ETS, wall paper and outdoor traffic pollution exposures were 
associated with asthma and allergies. These suggest that for asthma and allergies, the home environment 
appears to be relatively more important than that of the CCC. In keeping with these, the mite allergens in 
CCCs found in this study is lower compared to earlier studies in Singapore homes (Zhang et al., 1997; 
Lee et al., 2006). Therefore, future research on exposures relating to asthma and allergies should focus 
more into the homes as well as evaluate whether specific contaminants released from surrogate indicators 
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of exposures (such as ETS, dampness, wall paper, traffic) play a role in modulating the allergen response. 
Most importantly, exposures to these home indoor risk factors are modifiable such that if proper measures 
are taken, their exposures can be reduced. 
 
The restricted land space in Singapore ensures that high-density residential strategy is integrated with 
interweaving roads and highways. Therefore, traffic exposure can be a problem. The finding of effect 
modification of home air-conditioning for the association of traffic exposure with asthma and allergies 
has a very important implication. It suggests that air-conditioning use can be used as an intervention to 
reduce traffic exposures indoors and thus allergic outcomes. Understanding the ventilation characteristics 
in the homes might also be useful to clinicians in advising patients’ parents to remediate asthma and 
allergy related traffic pollution problems.  
 
This thesis has demonstrated that IAQ in the homes and child care centers is a high priority environmental 
problem that affects the preschool children in Singapore. This study may be one of the biggest cross-
sectional IAQ studies conducted in CCCs and among the largest epidemiological studies dealing with 
associations of health endpoints among preschool children and exposures in the homes and CCCs. More 
recent work has focused on specific hypotheses borne out of this data for phase 2, testing relationships 
between specific environmental contaminants and health endpoints among not only preschool children 
(Tham et al., 2007) but teaching staffs in the CCCs as well (Zuraimi et al., 2007), and also developing 
future analytical tools for environmental exposure assessments (Karthikeyan et al., 2007). The study data 
will be a valuable source for comparisons with other similar studies elsewhere and future analyses in our 
population through providing the basic information for hypotheses to be tested. Some recommendations 
for future research in this area are as follows: 
 
1) Evaluating the impact of ventilation strategies of CCCs on the respiratory symptoms of teachers 
in the CCCs. This information is helpful to determine if the mechanisms affecting respiratory 
symptoms among adults in office buildings (see Mendell et al., 1996) are similar in the CCCs. 
2) Determine the relative contribution of indoor pollutants and allergen exposure concentrations in 
the homes and CCCs to the total exposure of the preschool children and evaluate their exposure 
risks. A standardized protocol to evaluate the two environments is to be used to apportion and 
evaluate which constitutes the bigger exposure risk. 
3) Detailed characterization of the potential chemical and biological emissions from 
dampness/molds, wall paper and ACMV system. This information is required to identify the 
causal agents of the allergic symptoms.  
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4) Conduct a case-control study on children with asthma and allergies with clinical measurements in 
elucidating associations of symptoms with objective exposure indices in the homes and CCCs. 
5) Test the hypothesis that home risk factors determined can interact with allergen to modulate 
immune responses in humans. An environmental chamber is to be used to demonstrate exposure 
of subjects with allergy to home risk factors leads to an enhanced allergic response characterized 
by IgE production against an inhaled protein allergen and activation of TH2 cells and associated 
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INDOOR AIR QUALITY (IAQ)  
 
A.1 Comparability of Instruments and Techniques– Results of Collocated Measurements. 
To evaluate the comparability of the different instruments used to measure indoor and outdoor samples, 
samplers were placed side by side and logged in a pre test prior to field sampling.  
 
A.1.1 Instruments Measuring Carbon Dioxide (CO2) 
• The three Tel-Aire instruments measuring CO2 showed good agreement with each other.  
 








• The three Tel-Aire instruments and the Q-trak measuring CO2 showed good agreement with each 
other. 
 




















































































































A.1.2 Instruments Measuring Carbon Monoxide (CO) 
• The three T15v Langan CO Measurers showed good agreement with each other (Figure  
A.3).  
 
Figure A.3 Scatter plots of 3 T15v Langan CO Measurers measuring carbon monoxide (CO).  
 
A.1.3 Instruments Measuring Fine Particles (PM2.5) 
• The two Dustrak instruments measuring PM2.5 showed good agreement with each other.  
 
• The Dustrak and MEM instruments measuring PM2.5 showed good agreement with each other.  
 
Figure A.4 Scatter plots of PM2.5 measuring equipments – Dustrak and MEM.  
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A.1.4 Instruments Measuring Ozone (O3) 
• The two ozone measuring instruments good agreement with each other.   
 
Figure A.5 Scatter plots of ozone measuring equipments.  


















A.1.5 Air Exchange Rates Measurements Using CO2 and SF6 as Tracer Gases 
• The two tracer gas measuring techniques showed good agreement with each other.   
 
Figure A.6 Scatter plots of air exchange rates (ACH) using SF6 and CO2 as tracer gas using decay 
techniques. ACH utilizing CO2 as a tracer gas was computed using the TGD software 
(Roulet & Foradini, 2002) 
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A.2 Detection Limits of Measurements. 
 
A.2.1 Bacteria and Fungi 
Detection limits for total viable fungi and bacteria were the values of concentrations obtained with a 
finding of one fungal or bacterial colony in a sample (1 CFU per culture plate). These were translated into 
35.3 and 17.7 CFU/m3 for fungal or bacterial concentrations respectively. All concentration values of 
viable fungi and bacteria under the detection limit were replaced with half the detection limit (1/2DL) in 
the database. 
 
A.2.2 VOCs and Carbonyls 
Instrument limits of detection (LOD) for the VOCs were determined by making 5 replicate measurements 
of concentrations near the expected detection limit (within a factor of 5). The method detection limit 




yMDL =    Eqn A.1 
 
where V is the volume sampled (m3). A value of half the respective MDL for each compound was used in 
statistical analyses for samples that were below the MDL. 
 
In this study, the MDLs for VOCs ranged from 0.11 to 1.74 µg/m3 while for carbonyls, the MDLs range 
from 0.21 to 3.90 µg/m3 (Table A.1). As a comparison, MDLs for the target VOCs ranged between 1.6 
and 5.9 µg/ m3 in the study by Fellin and Otson (1994). In the VOC TEAM study, MDLS were reported 
to be generally on the order of 1 µg/m3 (Wallace, 2000). Sax et al (2004) reported MDLs ranging from 
0.09 to 1.76 µg/m3.  
 
A.2.3 Allergens 
Detection limits for allergens are given in Table A.2 
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Table A.1 Method detection limits, linearity of calibration curves and precision estimates for VOCs and 
carbonyls 
Compound MDL1 (μgm-3) Linearity2 (R2) RPD3 
VOC 
2-propanol 0.40 0.997 0.39 
Isoprene  0.26 0.993 0.31 
1,1,1-trichloroethane 0.21 0.992 0.34 
Benzene 1.69 0.998 0.43 
1-butanol 0.14 0.996 0.28 
n-heptane 0.60 0.998 0.22 
Trichloroethene  1.21 0.991 0.13 
Toluene 1.56 0.997 0.22 
Tetrachloroethene  1.20 0.997 0.27 
Butylacetate 0.39 0.993 0.21 
Ethylbenzene 0.81 0.995 0.15 
m/p-xylene 0.42 0.999 0.16 
Styrene 0.37 0.992 0.41 
o-xylene 0.84 0.997 0.15 
2-butoxyethanol 0.64 0.995 0.27 
α-pinene 0.12 0.997 0.20 
β-pinene 0.11 0.992 0.25 
1,3,5-trimethylbenzene 0.53 0.989 0.12 
n-decane 0.49 0.998 0.22 
1,4-dichlorobenzene 1.74 0.988 0.13 
Limonene 0.11 0.996 0.24 
2-ethyl 1-hexanol 0.48 0.993 0.35 
Naphthalene 0.54 0.991 0.15 
n-hexadecane 0.19 0.993 0.32 
Carbonyl 
Formaldehyde 1.58 0.999 0.23 
Acetaldehyde 3.90 0.999 0.39 
2-propanone  0.21 0.983 0.46 
Methylisobutylketone 0.15 0.999 0.26 
Nonanal 0.46 0.999 0.23 
Benzaldehyde 0.63 0.991 0.32 
Acetophenone 0.62 0.992 0.30 
1 MDL – method detection limit; 2 Linearity of 5 point calibration curves; 3RPD – relative percentage difference. 
 
Table A.2 Detection limits of allergens  
Allergen Detection Limit 
Der p 1 0.005 μg/g 
Blo t 5 0.005 μg/g 
Fel d 1 0.002 μg/g 
Can f 1 0.019 μg/g 
Mus m 1 0.001 μg/g 
Bla g 1 0.019 U/g 
Asp f 1 0.002 μg/g 
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A.3 Paired Measurements 
The precision estimate of duplicate samples was evaluated by calculating the relative percent difference 











RPD   Eqn A.2 
 
where a1 and a2 are the concentrations of collocated samples. 
 
A.3.1 Bacteria and Fungi 
Differences between duplicate bacteria and fungi concentrations can be attributed primarily to random 
variation in concentrations rather than bias caused by instruments (Tham and Zuraimi, 2005). The average 
RPDs for the duplicate samples collected were 0.44, 0.37, 0.51 and 0.43 for human related bacteria, 
environmental bacteria, mesophilic fungi and xerophilic fungi respectively. As a comparison, Tsai and 
Macher (2005) reported RPDs of 0.59 and 0.54 for mesophilic and thermophilic bacteria respectively. 
 
A.3.2 VOCs and Carbonyls 
The average RPDs for the duplicate samples range from 0.12 to 0.43 for VOCs and 0.23 to 0.46 for 
carbonyls (Table A.1). For most compounds, the mean RPD was below 30%, indicating reasonable 
precision. As a comparison, Sax et al (2004) reported RPDs ranging from 0.05 to 0.51 in the study for 
New York and Los Angeles homes. 
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A.4 Equipments and Software Used. 
Figure A.7  QTrak and Tel-Aires interfaced with Hobos 
 
 
Figure A.8  Langan CO Measurers 
 
 




Figure A.9  DustTraks and MEM 
 
 
Figure A.10  2B Tech Ozone Measuring Equipments 
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Figure A.11 Andersen Sampler 
 
 
Figure A.12  VOC Sampling Tubes and Carbonyl Cartridges with Sampling Pump System 
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Figure A.13  ATD-GCMS System 
 
 
Figure A.14  HPLC System 
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Figure A.15  Kirby Dust Sampling Apparatus 
 
 




                                                                                                                                                               Appendix 
 
 302















CHILD CARE CENTER BUILDING INSPECTION SHEET  
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CCC BUILDING CHECKLIST      INTERVIEWER:____________   CCC ID:__________ 
CCC Name:            No. of Occupants:                                  
Previous tenant:       CCC Age:                    
 
MAIN BUILDING CHARACTERITICS  
CATEGORY CTRL CITY OUTR CITY ESTATE  SUBRUBAN COMMENTS 
Type of place/location      
 




WAY NONE COMMENTS 
Traffic type      
 
CATEGORY LIGHT MEDIUM HEAVY COMMENTS 
Traffic density     
 
CATEGORY FACTORY DUMP CAR PARK CONSTR NONE COMMENTS
Other pollution       
 
CATEGORY VOID DCK COM OFF BGL/TRC OWN OTHERS COMMENTS 
Building type       
 
CATEGORY  < 100 100 < 200 200 < 500 500 < 800 > 800 CAPACITY 
Floor area (m2)       
 
CATEGORY 1-3 4-5 6-10 > 10 COMMENTS 
No of rooms      
 
CATEGORY 1 2 3 COMMENTS 
Storey     
 
CATEGORY NONE < 5 6 – 10 11 – 15 > 15 COMMENTS 
Plant units       
 
BUILDING VENTILATION CHARACTERITICS  
CATEGORY ACMV HB NV AC  COMMENTS 
Type of ventilation       
 
CATEGORY AGE CATEGORY no of hours COMMENTS 
Age of ventilation system  Ventilation time   
 
CATEGORY YES/NO CATEGORY NO OF HOURS COMMENTS 
Mechanical Fans  Fan time   
 
CATEGORY YES/NO CATEGORY NO OF HOURS COMMENTS 
AC  AC time   
 
CATEGORY ASHRAE 30-50% 
ASHRAE 
50-80% HEPA OTHERS COMMENTS 
Filter standard      
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CATEGORY HEPA ESP UV O3 OTHERS COMMENTS 
Standalone air cleaner       
 
CATEGORY MONTHS  COMMENTS 
Last change / maintain air filter    
 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Windows Opened  F/A near Sources   
 
CATEGORY CENTRAL LOCAL BOTH NONE COMMENTS 
Temperature control      
 
BUILDING SURFACES CHARACTERITICS  
CATEGORY MURAL GYPSUM WOOD CONCRETE COMMENTS 







Floors      
Estimated floor covered area             m2 
 
CATEGORY  PRESSED WOOD MAT. PLASTIC COMMENTS         
Shelves    
Estimated shelf area             m2 
 
CATEGORY YES/NO BLINDS TEXTILE COMMENTS 
Curtains     
Estimated curtain area             m2 
 
CATEGORY  PRESSED WOOD MAT. PLASTIC COMMENTS         
 Tables    
Estimated table area             m2 
 
CATEGORY MIN. WOOL CONC. WOOD OTHERS COMMENTS 
Ceiling materials      
 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 




CATEGORY  2X DAILY DAILY 2-4X WEEKLY WEEKLY > WEEKLY COMMENTS 
Floor cleaning        
 
CATEGORY DAILY 2-4X WEEKLY WEEKLY MONTHLY >6 MONTHLY COMMENTS 
Shelf cleaning        
 
CATEGORY 2 X DAILY DAILY 2-4X WEEKLY WEEKLY COMMENTS 
Toilet cleaning      
 
CATEGORY DAILY 2-4X WEEKLY WEEKLY > WEEKLY COMMENTS 
Mattress cleaning       




CATEGORY WEEKLY MONTHLY ≤6 MONTHLY > 6 MONTHLY COMMENTS 
Curtains cleaning      
 
CATEGORY DAILY 2-4X WEEKLY WEEKLY ≤MONHTLY COMMENTS 
Toys cleaning      
 
DAMP & MOLD CHARACTERISTICS 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Visible Damp Stains  Signs of mold    
 
CATEGORY  CATEGORY MILD MODEST SERIOUS NONE 




CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Cats  Dogs   
 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Birds  cockroach   
 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Ants  mice   
 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Cats neighbouring  Dogs neighbouring   
 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Birds neighbouring  cockroach neighbouring   
 
CATEGORY YES/NO CATEGORY YES/NO COMMENTS 
Ants neighbouring  mice neighbouring   
 
 











PARENTS ADMINISTERED QUESTIONNAIRE  
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Child Care Center: _____________________________ Date: ___________ (dd/mm/yy)   Escrow No: ___________ 
 
Questionnaire Survey on Breathing, Nose and Skin 
Problems in Children 
 





Name: ________________________________________________________________________ (optional) 
Gender: M F                  Age: __________  Date of birth: ___________(dd/mm/yy) 
Race: Chinese Malay Indian Others     
Type of Housing:  HDB Private Apartments/HUDC Landed Property 
Total monthly family income:     Below $2000       $2000-3999         $4000-5999         $6000 and above 
Postal code: ______________ Number of people living together (including child): _____ 
 
1. Age of child (to the nearest year) when he/she first attended any form of childcare _________ years 
 
2. How many brothers and sisters does this child have? 
               0     1                2             3         4  or more 
 
3. Is he/she the   1st born  2nd born   3rd born or higher ? 
 
4. Was this child ever breastfed?             No       Yes 
              If YES, he/she was breastfed exclusively for             less than 3 months       3 months and above 
 
5. Was this child born at least one month before his/her due date (premature)?   No       Yes 
 
6. What was the weight of your child when he/she was born?             ____________ kg 
 
7. Has a doctor diagnosed this child to be allergic to any food?         No            Yes 
 
8. How does your child get to the child care center? 
Walking  Public Bus Transport            MRT     Car            Others 
 
9. When choosing a child care for your child, have you refrained from child care centers with air conditioning 
because of allergic or respiratory diseases?   No            Yes 
 
10. When choosing a child care for your child, have you refrained from child care centers close to traffic 
because of allergic or respiratory diseases?   No            Yes 
 
11. Have you changed child care centers for your child due to allergic or respiratory illness? No    Yes 





1. Has your child ever had wheezing or whistling in the chest at any time in the past? 
 
IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 6 
Yes 
No 
2. Has your child had wheezing or whistling in the chest in the last 12 months? 
 
IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 6 
Yes 
No 
3. How many attacks of wheezing has your child had in the last 12 months?    None 
  1 to 3 
4 to 12 
More than 12 
 
4. In the past 12 months, how often, on average, has your child’s sleep been disturbed due to wheezing? 
Never woken with wheezing  
Less than one night per week  
One or more nights per week  
 
5. In the last 12 months, has wheezing ever been severe enough to limit your child’s speech to only 




6. Has your child ever had asthma? Yes No 
 
7. In the past 12 months, has your child’s chest sounded wheezy during or after exercise? Yes No 
 
8. In the past 12 months, has your child had a dry cough at night, apart from a cough   
    associated with a cold or chest infection? 
 




1.  Has your child ever had a problem with sneezing or a runny or blocked nose when he/ she DID NOT 
have a cold or flu? 
 




2.  In the past 12 months, has your child ever had a problem with sneezing or a runny or blocked nose 
when he/ she DID NOT have a cold or a flu? 
 








4.  In the past 12 months, how much did this nose problem interfere with your child’s 
daily activities: 
 
Not at all  
A little  
A moderate amount  
A lot  
5.  Has your child ever had allergic rhinitis? Yes No  Don’t know 
 





1.  Has your child ever had an itchy rash which was coming and going for at least six months? 
 
IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 7 in Section III 
Yes 
No 
2.  Has your child had this itchy rash at any time in the last 12 months? 
 
IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 7 in Section III 
Yes 
No 
3.  Has this itchy rash at any time affected any of the following places: 
The folds of the elbows, behind the knees, in front of the ankles, under the buttocks, or around the neck, 
cheeks, ears or eyes? 
Yes 
No 
4.  At which age did this itchy rash first occur?  Under 2 year 
Age 2-4 years 
Age 5 or more 
Don’t know 
 





6.  In the past 12 months, how often, on average, has your child been kept 
awake at night by this itchy rash? 
Never in the last 12 months 
Less than one night per  week 
One or more nights per week 
 
7.  Has your child ever had eczema? Yes No  Don’t know 
 
SECTION IV 
If your child has or ever had asthma, please answer the following questions.  
If your child has “NO” asthma, please skip this section and go to section V 
 
1. In the past 12 months, how often, on average, has your child experienced asthma attacks in the daytime? 
Not at all  
Less frequently than monthly  
1-3 times a month  
1-3 times a week  
4-6 times a week  
Every day  
 
2. In the past 12 months, how often, on average, have your child experienced asthma attacks in the night? 
Not at all  
Less frequently than monthly  
1-3 times a month  
1-3 times a week  
4-6 times a week  
Every day  
 
3. In the past 12 months, how many days (or part days) of school has your child missed because of 
wheezing or asthma? 
 
None 
1 to 5 
6 to 10 
More than 10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4. In the past 12 months, how many times has your child visited a General Practitioner’s clinic or 
Specialist's Clinic for asthma (e.g. a wheezy episode and regular asthma checkup)?  
 
None 
1 to 3 visits  
4 to 12 visits  
More than 12 visits  
 
5. In the past 12 months, how many times has your child visited the Accident & Emergency 
Department in any hospital for asthma (e.g. a wheezy episode and regular asthma checkup)? 
 
None 
1 to 3 visits  
4 to 12 visits  
More than 12 visits  
 
6. In the past 12 months, how many times has your child been admitted to hospital because of wheezing or asthma? 
None  
1 to 3 times  
4 to 6 times  




1.  In the past 12 months, does this child usually have a cough with colds/flu?                                     Yes             No 
 
      If YES: Does this child cough at most days (4 or more days a week) for as much as 3 months or more a year? 
 Yes          No 
2. In the past 12 months, does this child usually seem congested (full of phlegm) in the chest or bring up phlegm with 
colds/flu?                                                                                                                                             Yes             No 
 
    If YES: Does this child seem congested or bring up phlegm, sputum, or mucus from his/her chest on most days (4 or  
    more days a week) for as much as 3 months or more a year?                                                             Yes            No 
3. In the past 12 months, does this child get attacks (increased) cough, chest congestion, or phlegm lasting for 1 week or 
more each year?                                                                                                                                    Yes          No 
4. In the past 12 months, how often does this child gets a cold?                                                                               Daily 
1 to 3 times per week  
1 to 3 times per month  
less than 1 day per month  
5. In the past 12 months, how often does this child gets middle ear infection?                                                          Daily 
1 to 3 times per week  
1 to 3 times per month  
less than 1 day per month  
6. Has this child been diagnosed with any of the following illness? If yes, please state the AGE when he/she was first 
diagnosed and the number of TIMES the illness has re-occurred till now.  
 
a. Bronchiolitis    No           Yes,  1st diagnosed at age___    Don’t know 
If YES, it has occurred   Only once    2-3 times       4 or more 
 
b. Bronchitis    No           Yes,  1st diagnosed at age___    Don’t know 
If YES, it has occurred   Only once    2-3 times       4 or more 
 
c. Pneumonia    No           Yes,  1st diagnosed at age___    Don’t know 
If YES, it has occurred   Only once    2-3 times       4 or more 
 
d. Croup (larygotracheobronchitis)  No           Yes,  1st diagnosed at age___    Don’t know 
If YES, it has occurred   Only once    2-3 times       4 or more 
 





1. Highest level of education completed by child’s mother:  
Primary Secondary (‘O’ or ‘A’ levels’) Tertiary (Diploma, Degree or higher)  
2. Highest level of education completed by child’s father: 
Primary Secondary (‘O’ or ‘A’ levels’) Tertiary (Diploma, Degree or higher) 
3. Does anyone living with the child smoke cigarettes in the presence of the child in the home? Yes No 
 
4. Please state the number of people living in the household who smoke cigarettes in the home, including parents: _____ 
 
5. Does the child’s father (or male guardian) smoke cigarettes in the home? Yes No 
If YES, please state the number of cigarettes the child’s father (or male guardian) smoke each day in the home: 
   1-10 cigarettes                      11-20 cigarettes       
                 
6. Does the child’s mother (or female guardian) smoke cigarettes in the home? Yes No 
If YES, please state the number of cigarettes the child’s mother (or female guardian) smoke each day in the home: 
    1-10 cigarettes                      11-20 cigarettes       
 
7. Did the child’s mother (or female guardian) smoke cigarettes during the child’s first year of life? Yes No 
 
8. Has the mother ever been diagnosed with 
a. Asthma                          Yes No Don’t know 
b. Allergic rhinitis (Sensitive Nose)                           Yes No Don’t know 
c. Eczema / Atopic Dermatitis(Sensitive Skin) Yes No Don’t know 
9. Has the father ever been diagnosed with 
a. Asthma                          Yes No Don’t know 
b. Allergic rhinitis (Sensitive Nose)                           Yes No Don’t know 




1. Has the child lived at the present residence the whole of his/her life?  
Yes No, lived for:    1 year   2-3 years     4-5 years         
2. How old is the age of your residence?                     more than 10 years      less than or equal to 10 years         
 
3. In which room does the child sleep most of his/her sleeping time? 
    Child’s own room Sharing room with siblings Parent’s room 
4. State what kind of flooring material there is in the different rooms 
    Child’s room       Vinyl flooring     Wood flooring      Wall to wall Carpet     Ceramic Tiles      Linoleum Tiles   
    Parent’s room     Vinyl flooring     Wood flooring      Wall to wall Carpet     Ceramic Tiles      Linoleum Tiles   
    Living room         Vinyl flooring     Wood flooring      Wall to wall Carpet     Ceramic Tiles      Linoleum Tiles   
5. State what kind of wall types there is in the different rooms 
    Child’s room        Wall paper    Wooden panel      Normal concrete wall   Others     Don’t know 
    Parent’s room      Wall paper    Wooden panel      Normal concrete wall   Others     Don’t know 
    Living room          Wall paper    Wooden panel      Normal concrete wall   Others     Don’t know 
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6. State what kind of ventilation do you rely on in the different rooms? 
    Child’s room     Open window           Air-conditioning unit      Others          Don’t know 
    Parent’s room   Open window           Air-conditioning unit      Others          Don’t know 
    Living room       Open window           Air-conditioning unit      Others          Don’t know    
7. Have any major renovations been done to the residence?                           Yes      No             Not known       
a) If YES, when was it done?                               12 months ago   Earlier 
 
b) If YES, was the renovation an action taken due to problems with damp and mold in the residence?  Yes      No 
8. Have any of the rooms stated below been repainted during the past 12 months? 
    Child’s room                                             Yes                  No             Don’t know          Earlier 
    Parent’s room                                           Yes                  No             Don’t know          Earlier 
    Living room                                               Yes                  No             Don’t know         Earlier  
9. Have you ever notice any visible mould on the floor, walls or ceiling in any of the rooms stated below? 
    Child’s room                                             Yes                  No             Don’t know 
    Parent’s room                                           Yes                  No             Don’t know 
    Living room                                               Yes                  No             Don’t know 
 
10. Have you ever notice any visible damp stains on the floor, walls or ceiling in any of the rooms stated below? 
    Child’s room                                             Yes                  No             Don’t know 
    Parent’s room                                           Yes                  No             Don’t know 
    Living room                                               Yes                  No             Don’t know 
 
11. Is your residence near a road (not more than 100m: about length of a football field)?             Yes          No             
       If YES, what floor is your residence on?                            1-3 storeys   4-8 storeys   > 8 storeys    
       If YES, describe the traffic density                                     Light             Medium         Heavy 
 
12. What type of fuel/stove do you use for cooking? 
      Gas stove                Solid Fuel            Electric stove                 Others/Don’t know                      
13. How often do you vacuum clean, sweep or mop (wet) the floor in the child’s room? 
Every day               Twice weekly            Weekly                Monthly                     Less frequent            
14. How often do you change the mattress cover in the child’s room? 
     Every day               Twice weekly            Weekly                Monthly                     Less frequent            
15. In the past 12 months, did you have cats at home?                                                                           Yes              No 
or did you have dogs at home?                                                                         Yes              No 
or did you have birds at home?                                                                         Yes              No 
 
16. Have you got rid of any furred animals/pets due to allergic illness in the family?                                Yes             No 
 
17. Have you refrained from getting any furred animals/pets due to allergic illness in the family?            Yes             No 
 
18.  Are there any furred animals/pets that the child regularly meets at friends, relatives or others?       Yes             No    
 
Thank you for taking the time to complete this questionnaire.   
The information you have provided is confidential. 
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HOME CHECKLIST         INSPECTOR:____________   HOME ID:__________ 
 
Date: ___________ (dd/mm/yy)  
 
1. Did you observe ash tray in these places?          Child’s room        Living room    Parent’s room     Kitchen    
    Comments:___________________________________________ 
 
2. State what kind of flooring material there is in the different rooms 
    Child’s room       Vinyl flooring     Wood flooring      Wall to wall Carpet     Ceramic Tiles      Linoleum Tiles   
    Parent’s room     Vinyl flooring     Wood flooring      Wall to wall Carpet     Ceramic Tiles      Linoleum Tiles   
    Living room         Vinyl flooring     Wood flooring      Wall to wall Carpet     Ceramic Tiles      Linoleum Tiles   
Comments:___________________________________________ 
3. State what kind of wall types there is in the different rooms 
    Child’s room        Wall paper    Wooden panel      Normal concrete wall   Others     Don’t know 
    Parent’s room      Wall paper    Wooden panel      Normal concrete wall   Others     Don’t know 
    Living room          Wall paper    Wooden panel      Normal concrete wall   Others     Don’t know 
Comments:___________________________________________ 
4. State what kind of ventilation in the different rooms? 
    Child’s room     Open window           Air-conditioning unit      Others  
    Parent’s room   Open window           Air-conditioning unit      Others  
    Living room       Open window           Air-conditioning unit      Others  
Comments:___________________________________________ 
5. Did you observe any visible mould on the floor, walls or ceiling in the different rooms? 
    Child’s room                                             Yes                  No             
    Parent’s room                                           Yes                  No             
    Living room                                               Yes                  No             
Comments:___________________________________________ 
6. Did you observe any visible damp stains on the floor, walls or ceiling in the different rooms? 
    Child’s room                                             Yes                  No             
    Parent’s room                                           Yes                  No             
    Living room                                               Yes                  No    
Comments:___________________________________________          
 
7.  What type of fuel/stove is used for cooking? 
    Gas stove                Solid Fuel            Electric stove                 Others  
Comments:___________________________________________ 
8. Is residence near a road?              Yes                  No             
       What floor is the residence on?                                 1-3 storeys   4-8 storeys   > 8 storeys    
       Describe the traffic density outside the residence     Light             Medium         Heavy 
Comments:___________________________________________ 
 
9.  Did you observe any cat/s in the home?                                                                           Yes              No 
      Did you observe any dog/s in the home?                                                                          Yes              No 
      Did you observe any bird/s in the home?                                                                          Yes              No 
Comments:___________________________________________ 
 
 
